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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
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THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DATE. 

APPLICATION NUMBER: PCT/US04/16390 
Fa.ING DATE: May 24, 2004 

RELATED PCT APPLICATION NUMBER: PCT/US04/25589 



By Authority of the 

COMMISSIONER OF PATENTS AND TRADEMARKS 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPUANCE WITH RULE 17.1(a) OR (b) 




lORNETT 
Certifying Officer 




PART (/) OF (2> PART(S) 



TRANSMITTAL LETTER TO THE 



PCTUS2JFRP /REV03 



PT O-1382 (Rev, 04-2003) (Modified) 

' Certification under 37 CFR 1.1 0 (if applicable) 



International App] 



Attorney DocRetno. 




151 



EV 334647636 US 



Express Mail mailing number 



DT02RetfdPCr/PTO 2 4 MKf 2flM 



May 24. 2004 



Pate of Deposit 



I hereby certify that the application/correspondence attached hereto Is being deposited with the United States Postal Ser^ce 
"Express Mail Post Oflice to AddresseeJ><sei^ce under 37 CFR 1.10 on the date indicated above and is addressed to Mail Stop 
PCT,/5oflnyJyioner for Pa^ pn^sJP.O.^x 1/50, Alexandria, VA 22313-1450. 



Eileen Martin 



Typed or printed name of person mailing correspondence 



n..| 


^ New International Application 






TITLB 


RNA Interference Mediated Inhibition of Gene Expression Using Chemically Modified 
Short Interfering Nucleic Acid (siNA) 




Eailiest priorit/ date 
(Day/Montli/Year) 








23 May 2003 



SCREENING DISCLOSURE INFORMATION: In order to assist in screening the accompanying mtemational 
application for purposes of determining whether a license for foreign transmittal should and could be granted and for 
omer purposes, the following information is supplied. (Note: check as many boxes as apply): 

A Q * The mvoition disclosed was not made in the United States. 

ED "^ere is no prior U.S. application relating to diis mvention. 

C. ^ The following prior U.S. application(s) contain subject matter which is related to the inventi<Hi disclosed in Ihe attached 
international application. (NOTE: priority to these applications may or may not be claimed on form PCT/RO/lOl 

(Request) and this listing does not constitute a claim for priority). 



application no. 


10/757»803 


filed on 


14 January 2004 


^plication no. 


10/720,448 


filed on 


24 November 2003 



The present intemational application contains additional subject matter not found i n the prior U.S. application(s) 
identified in paragraph C above. The additional subject matter is found on pages | Throughtout 



and ^ DOES NOT ALTER Q MIGHT BE CONSIDERED TO ALTER the general nature of the mvention in a 
manner which would require the U.S. application to have been made available for inspection by the appropriate defense 
agencies under 35 U.S.C 181 and37CFR5.1. See37CFR5.15. 



m. O A Response to an Invitation from the RO/US. The foUowmg documait(s) is (are) enclosed: 
A ED A Request for An Extension ofTune to File a Response 
A Power of Attorney (General or Regular) 
Replacement pages: 



B. 
C 



□ 
□ 



pages 




of the request (PCT/RO/101) 


pages 




of the figures 


pages 




of the description 


pages 




oftheaibstFact 


pages 




of the claims 





D. Q Submission of Priority Documents 



I Priority document 



r 



Priority document 



E. O Fees as specified on attached Fee Calculation sheet fonn PCT/RO/101 annex 



IV. [H A Request for Rectification under PCT 91 [H A Petition 



Q A Sequence Usting Diskette 



V. Other (please specify); Postcard 



The perso 
signing this 
form is the: 



j I Applicant 



Michael S. Greenfield 



Attorney/Agent (Reg. No.) 
37.142 



Connnon Representative 




S. Department of Commerce: Patent and Trademaiic Ofitce 



litANSMITT AL IJETtER 

PTO^82 mev. 04-2003) (Modified) PCTUS2 JRP /REV03 



IntematioDal AppH 



Attorney Docket No. 



Kt>to. . 1 ~ (400,1 51 PCT) 



Certilicatloii under 37 CFR 1.10.(if applicable) 



OT02R9tfdPCT/PTO 2 4 



EV 334647636 us 



Express Mail mailing mnriber 



May 24, 2004 



Date of Deposit 



:' I^hereby certify that t6e applicatlon/cor 
"Express Mail Post Office to Addressee^l 
TPCT,^gcrfliquyjoner.for Paj^rts, F,0.^ "^ 



ondence attached hereto is being deposited with the United States Postal Service • . 
Ivice under 37 CFR 1.10 on the date indicated above and is addressed to Midi Stop 
450» Alexandria, VA 22313-1450. . • . ' . ' ' . ' ' - ' ' 



Eileen Martin . 



Typed or printed name of person mailing correspondence 



:IL 



^ New liitemational Application 

RNA InterfeiBnce Mediated Inhibition of Gene Expression Using Chemically Modified 



TITLE 



Short interfering Nudeic Add (siNA) 



Earliest prioriW date 
QP^/Mondi/Year) 



23l^y2063 



SCREENING DISCLOSURE INFORMATION: bi order to assist in screening the accompanying intcm^cmal - 
- application for purposes ofdetermining whether a license for fordgn transmittal Miould and 
\ other puiposes, die following jnfbinrat^^ 

'A. Tbe invention disclosed ¥«j5"not made in die UmtedStitf 

B. □ Tbcieis noprtorU&BKilicationidatingtothisinvratid^^ • . / ' ' 

C. S The followuig i^or U.S. applioation(s) contain subject matter whidi is related to flie invention disclosed in the attach^ 

■ inteniational application. (NOTE: priority to these applications meo^ or m<xy not be chimed on form PCT^ , 

. • (Request) and this listing does not constitute a claim for priority^^ 





1 10/757.803. . . 


Hied on 


14 January 2004 'J 




1 10/720,448 


filed on 


24 November 2003 • : • . ! 



b. • ^ Hie present international application contains additional subject matter not found i n the prior U,S; application(s) 
identified in paragraph C. above. Tbe additional subject matter is found on pages. i Throughtout ' 



and ^ DOES NOT ALTER Q MIGHT BE CONSIDERED TO ALTER the general nature of tiie invention ui a 
manner which would require tiie U.S. application to have been made available for inspection by the appropriate defense. 
agenciesunder35U.S.C. 181 and37C3Tl5.1. See37CFR5.15. 



|in.n 



rr 
I 



Response to an Invitatibn from'tibe ROAJS. The fotllowihg dociunent(s) is (are) enclosed: 
n . A Request fer An Esaensionofilnie to File a Response 
n A PowiarofAttorney (General or Regular) 
n ... Replacanrait pages: 



pages 




of the request (PCT/RO/lOl) 


pages 




offhefi^ires ' " 


pages 




of the description . 


pages 




of the abstract 


pages 




of the.claims 





D« Q Submission of Priority Documents 



Priority document 



Priority document 



^ ED as sj>ecified on attached Fee Calculation sheet fonn PCTAlOnOl annex 



IV, [H A Request for Rectification under P.CT 91 



□ 



A Petition 



□ A Sequence Listing Diskette 



V. ^ Other Oplease specify): 



Postcard 



The 
signing this 
form is the: 



n ' • Applicsmt 


. Michael S.. Greenfield 


frn Aitom^/Agent (Reg. No.) 
ESI 37.142 

1 J Common Represeatative 





^OMCOPY 

REQUEST 



The undersigned requests that the present 

international application be processed 
according to the Patent Cooperation Treaty. 



■ For receiving Office use only- 



PCm/S04/l6390 

International Application No. 



I^^L'^nslaiMtt 2 4 MAY 2004 
PCT INTERNATIONAL 

Name of receiving Office anAI^C^UtGll^iQI^I^fl/AJ'^ 
P^nh^l^SSA^'^^n) 03^65.E(400.151PCD 



Box No. I TITLE OF INVENTION 


Box No. n APPLICANT □ This person is also inventor 


Name and address: (Famify namefottowed by given names for a legai entity, futt official de^tu^n. 
The address must include postal code and name of country. The country of the address in^aited 6i this 
Box is the atfoUcant's State (that i^ comttty) of residence ^no State ofresUence is indicated behfv^ 


Telei^oneNo. 


SIma Therapeutics, Inc. 
2950 Wilderness Place 
Boulder. Colorado 80301 
United States of America 




Facsimile No. 




Teleprinter No. 






Applicant's legistratton No. with the Office 


State (that is, country) of nationality: 
US 


State (that is, country) of residence; 
US 


This person is applicant n all designated RTI all designated States except |— 1 United States j—I tiie States indicated in 
for the purposes of. LJ States the United States of LJ of America only l—J the Supplemental Box 


Box Na ni FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 


Name and address: (Famtty name followed by given name; for a legal entity, fuUofficbadesigM^n, 
The address must include postal code and name ofcountiv. The country of the address indicated in this 
Box is the appOeanes Suae (that is, country) ofreMenee ^ji9 State ofresUme Is Indicated beiom) 

MCSWIGGEN. James 
4866 Franklin Drive 
Boulder, Colorado 80301 
United States of America 


This person is: 
1 \ applicant only 

IXI applicant and inventor 

. 1 1 inventor only (If fliis check-box 
1 — 1 is marked, do not fill in below.) 






Applicant's registration No. with the OfHce 


State (that is, country) of nationality: 
US 


State (that is, country) of residoice: 
US 


This person is applicant | 1 all designated 1 | all designated States except ISQ 
* for the purposes of: 1 — 1 States > — » the United States of K-J 


the United States | i the States indicated in 
of America only > — 1 the Supplemental Box 


|X] Further applicants and/or (further) inventors are indicated on a continuation sheet 


Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 


The person identified below is hereby/has been appointed to act on behalf of IJQ 
the applicant(s) before the competent International Authorities as:. « — « 


fi«M»ni> n common 

1 1 representative 


Name and address: (Family namefollowed by given name; for a legal entity^ fall qffidal designation. 
The address must include postal code and name of country,) 


Telephone No. 
312-913-2135 


GREENFIELD, Michael S. 

McDonnell Boehnen Hulbert and Berghoff 

300 South Wacker Drive 




Facsimile No. 
312-913-0002 ' 


Chicago, Illinois 60606 
United States of America 




Teleprinter No. 






Agenf s registration No. with the Office 
37,142 


1 — 1 Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and 
1 1 the space above is used instead to indicate a special address to which correspondence should be sent. 


Form PCT/RO/101 (first sheet) (January 2004) 
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Continuation of Box No. Ill FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 

If none of the following sub-boxes is used, this sheet should not be included in ike request 



Name and address: (Famtfy name followed by g^ven name: for a legal entity* fi^U official designation. 
The address must biclttde postal code and name ^country. The country of the address indicated In this 
Box is the applicant's State (that is, country) of residence if no State of residence is indicated below.) 

MORRISSEY, David 
4769 Tanglewood Trail 
Boulder, Colorado 80301 
United States of America 



This person is: 

I \ applicant onty 
1^ applicant and inventor 

□ inventor only (If this check-box is | 
marked, do not fdl in below,) 



Applicant's registration No. with the OfUcel 



State (thai is, country) of nationality: 
US 



State (that is, country) of residence: 
US 



This person is 
applicant 



□ all designated I — I all designated States except 
States LJ the United States of 



ITTI the United States I — I the States indicated 
I25J of America only I I in the Supplemental 



, Name and address: (Famify name followed by given name: for a legai entity, Jutt official desi^ twn. 
'The address must indude posud code and name of country. The country of the address indicated in this 
Box is the oppUcanVs State (that is, country) of residence ^no State of residence is indicated below^ 

ZINNEN. Shawn 
2378 Birch Street 
Denver, Colorado 80207 
United States of America 



This person is: 

I I applicant only 

1^ applicant and inventor 



□ 



inventor only (If this check-box is 
marked, do not fdl in below,) 



Applicant's registration No. with the Office) 



State (that is, country) of nationality: 
US 



State (that is, country) of residence: 
US 



This person is 
applicant for the 



□ all designated designated States except InTI the United States F] ?»Stat«indi^ 

States I— I the United States of of Amenca only ' — » m fee Supplemental 



i Name and address: (Family name followed by given name: for a legpl entity, full official designation. 
The address must indude postal code and name of country. The country of the address indicated in this 
Box is the applicant's State (that is, country) of residence ^ no State of residence is indicated below.) 

JADHAV, Vasant 

1951 Grandvlew Avenue 

Apt#A4-B 

Boulder, Colorado 80302 
United States of America 



This person is: 

I I applicant only 

IXl applicant and inventor 

□ inventor only (If this check-box is I 
marked, do not fill in below.) 



Applicants registration No. with the Officel 



State (that is, country) of nationality: 
IN 



State (that is, country) of residence: 
US 



This person is 
applicant for the 



□ all designated ("1 a" designated States except IxTl the United States the States indicated 

Stet^ Lithe United States of Ifil of America only LJ m the Supplemental 



Name and address: (Family name followed by given name: for a legal entity, full official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant's State (that is, country) of residence if no State of residence is indicated below.) 

VAISH, Narendra 
1313 Williams Street, #503 
Denver, Colorado 80218 
United States of America 



This person is: 

I I applicant only 

applicant and inventor 

□ inventor only (If this check-box is 
marked, do not fdl in below.) 



Applicant's registration No. with the Officel 



State (that is, country) of nationality: 
IN 



State (tliat is, country) of residence: 
US 



This person is 
applicant for the 



□ all designated | — | all designated States except KTl the United States 
States I I the United States of l^ of America only 



j j the States indicated 



in the Supplemental 



j I Further applicants and/or (further) inventors are indicated on another continuation sheet. 
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Supplemental Box If the Supplemental Box Is not used, this sheet should not be included in the request. 



/. If, in any of the Boxes, except Boxes Nos Vm(i) to (v) for 
which a special continuation box is provided, the space is 
insujffident to furnish all the information: in such case, write 
"Continuation of Box No.,,." (indicate the number of the Box) 
and furnish the information in the same manner as required 
according to the captions of the Box in which the space was 
insufficient, in particular: 

(i) if more than two persons are to be indicated as applicants 
and/or inventors and no "continuation sheet" is available: in 
such ease, write "Continuation of Box No, III" and indicate 
for each additional person the same type of information as 
required in Box No. III. The country of the address indicated 
in this Box is the applicant's State (that is, country) of 
residence if no State of residence is indicated below; 

(ii) if in Box No. 11 or in any of the sub-boxes of Box No. Ill, the 
indication "the States indicated in the Suppiemental Box** is 
checked: in such case, write "Continuation of Box No. 11" or 
"Continuation of Box No. Ill" or "Continuation of Boxes No. 
II and No. Ill" (as the case may Ite), indicate the name of the 
applicant(s) involved and, next to (each) such name, the 
Statefs) (and/or, where applicable, ARIPO, Eurasian, 
European or OAPI patent) for the purposes of which the 
named person is applicant: 

(Hi) if, in Box No. II or in any of the sub-boxes of Box No. Ill, the 
inventor or the inventor/applicant is not^ inventor for the 
purposes of all designated States or for tlie purposes of the 
United States of America: in such case, write "Continuation 
of Box No. 11" or "Continuation of Box No. IW or 
"Continuation of Boxes No. II and No. Ill" (as the case may 
be), indicate the name of the inventor(s) and, next to (each) 
such name, the State(s) (and/or, where applicable, ARIPO, 
Eurasian, European or OAPI patent) for the purposes of 
which the named person is inventor; 

(iv) if, in addition to the agent(s) indicated in Box No. IV, there 
are further treats: in such case, write "Continuation of Box 
No, IV" and indicate for each further agent the same type of 
information as required in Box No. IV; 



(V) 



if, in Box No. VI, there are more than three earlier 
applications whose priority is diaimed: in such case, write 
"Continuation of Box No. VI" and indicate for each additiotud 
earlier application the same type of irt/brmation as required in 
Box VI. 

If the applicant intends to make an indication of the wish that 
the intemational implication be treated, in certain designated 
States, as an tqjplication for a patent of addition, certificate of 
addition, inventor's certificate of addition or utility certificate 
of addition: in such a case, write the name or two-letter code 
of each designated State concerned and the indication "patent 
qfadd^n," ''eert^cateofaditttion,'' ^'inventor's ceFt(ficate 
ofad^Bdon" or "utlUfy cerdficate ofaddlUon,'' the number of 
die parent application or parent patent or other patent grant 
and the date of grant of the parent patent or other patent 
grant or die date of filing of parent application (Rules 
4JI(a)(ii0 and 49bisJ(a) or (b)). 

If the applicant intends to make an indication of the wish that 
the international application be treated, in the United States 
of America, as a continuation or continuation-in-part of an 
earlier application: in such a case, write "United States of 
America" or "US" and the indication ''continuation'* or 
"continuation-inffart" and the ntanber and the filing date of 
the parent application (Rules 4.II(a)(iv) ami 49.bis,I(d)), 



Contlnuatton of Box No. VI 

US 10/720,448 filed 24 November 2003 (24.11,03) 
US 10A727780 filed 03 December 2003 (03.12.03) 
US 10/826,966 filed 16 April 2004 (16.04.04) 
US 60/543,480 filed 10 February 2004 (10.02.04) 
US 10/757. 803 filed 14 January 2004 (14.01.04) 
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Box No.V DESIGNATIONS 



The ftling of this request constitutes under Rule 4.9(a), the designation of all Contracting States bound by the PCT on the 
international filing date, for the grant of every kind of protection available and, where applicable, for the grant of both regional 
and national patents. 

However, 

Q DE Cermany is not designated for any kind of national protection 

Q KR Republic of Korea is not designated for any kind of national protection 

□ RU Russian Federation Is not designated for any kind of national protection 

(The check-boxes above may be used to exclude (irrevocably) the designations concerned in order to avoid the ceasing of the 
effect, under the national law, of an earlier national application from which priority is claimed. See the Notes to Box No. Vas 
to the consequences of such national law provisions in these and certain other States.) 



Box No- VI PRIORITY CLAIM 



The priority of the following earlier application(s) is hereby claimed: 



Filing date 
of earler application 
(day/month/year) 

item(l) 

23 May 2003 
23.05.03 


Number 
of earlier q>plication 


Where earlier application is: 


national application: 
country or Member 


regional application:^ 
regional Office 


international application: 
receiving Office 


10/444,853 


US 






item (2) 

29 August 2003 
29.08.03 


10/652.791 


us 






itemO> 

23 October 2003 
23.10.03 


10/693,059 


us 







IS Further priority claims are indicated in the Supplemental Box. 



The receiving Office is requested to prepare and transmit to the Internationa] Bureau a certified copy of the earlier 
application(s) (only if the earlier application was filed with the Office which for the purposes of this international application 
is the receiving Office) identified above as: 



S all items □ item(l) 



□ item (2) 



□ item (3) 



I I odier, see Suppleniental Box 



* Where the earlier (^plication is anARIPO application, indicate at least one country party to the Paris Convention for the Protection of 
Industrial Property or one Member of the World Thide Organization for which that earner {^plication was filed (Rule 4.1 00>)0i))' - 



Box No. VH INTERNATIONAL SEARCHING AUTHORITY 



Choice of Interoatlonal Searchine Authority (ISA) fif two or more International Searching Authorities are competent to 
carry out the intemdtiqnal search, mdicate the Authority chosen; the two-letter code may be used): 

ISA/EP 

Request to use results of earlier search; reference to that search (if an earlier search has been carried out by or 
from the International Searching Authority): 



Date (dayfynonthfyear) 



Number 



Country (or regnal Office) 



Box No. VIII DECLARATIONS 



The following declarations are contained in Boxes Nos, VIII (i) to (v) (mark the applicable 
check-boxes Below and indicate in the right cohann the ntmdter of each type of declaration): 

Declaration as to the identity of the inventor 



Number of 
declarations 



□ 
□ 

□ 

□ 

□ 



Box No. VIII (i) 
BoxNo. Vm(ii) 

Box No. VIII (iii) 

Box No. VIII (iv) 

Box No. VIII (v) 



Declaration as to the applicant's entitlement, as at the international 
filing date, to spply for and be granted a patent 

Declaration as to the applicant's entitlement, as at the international 

filing date, to claim the priority of the earlier application . 

Declaration of inventorship (only for the purposes of the designation 
of the United States of America) 

Declaration as to non-prejudicial disclosures or exceptions to lack of novelty : 



Form PCT/RO/101 (second sheet) (January 2004) 
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Box No. IX CHECK LIST; LANGUAGE OF FILING 


This international application contains: 

(a) in paper form, the following number of 

sheets: 

request (including 

declaration sheets) : 5 

description (excluding 
sequence listing and/or 
tables related hereto) : 339 

claims : 3 

abstract : 1 

drawings : 130 


This international application is accompanied by the following Number 
itein(s) fytark the applicable check-boxes below and indicate in of items 

rivht coltiwifm /JtP wmmfu»f nf iffrftt itinn\* 

1 • iS fee calculation sheet : ^ 

2. □ original separate power of attorn^ ^ : 

3. □ original general power of attorney 

4. □ copy of general power of attorney; reference numberjf 

any: . . ; 

5. □ statement explaining lack of signature : 

6. Q priority document(s) identified in Box No. VI as 


Sub-total number of sheets 478 

sequence listing : 

tables related thereto : 

(for both, actual number 
of sheets if filed in paper 
• form, whether or not also 
filed in computer 

readable form; see (c) 

Total number of sheets : 478 

(b) □ only in computer readable form 

(Section 80r(a)(i)) 

(0 0 sequence listing 
(ii)D tables related thereto 

(c) □ also in computer readable form 

(Section 80f(a)(ii)) 

(0 C] sequence listing 
(ii) □ tables related thereto 
TvDfi and number of carriers 
(diskette, CD-ROM, CD-R or other) 
on which are contained the 

n sequence listing: 

(additional copies to be indicated under 
hems 9(ii) and/or I0(ii), in right column) 


7. □ translation of international application into 

8. □ separate indications concerning deposited microorganism or 

other biological material : 

9. D sequence listing in computer readable form 

(indicate type and number of carriers) 

(i) □ copy submitted for the purposes of international search under 

Rule \3ter only (and not as part of the international application) : 

(ii) □ (^Pjy where chech-bqx (b)(i) or (c)(i) is marked in left column) 

additional copies mcluding, where sbplicable, the copy for tfie 
purposes of international search under Rule 1 3/er : 

(iin □ together with relevant statement as to the identity of the copy 
or copies with the sequence listing mentioned in left colunnn 

10. □ tables in computer readable form related to sequence listing 
(indicate type and number of carriers) 

(Q □ copy submitted for the purposes of international search under 
occnon o\i£.yp-guaier) oniy ^ana not as part oi me international 
application) ; 

(iii rj (only where check-box ^(b)(ii) or (c)(ii) is marked in left . 
column) additional copies, including, where applicable, ^e 
c^^^rjge^ purposes of mtemational search under Section , . 

(iii) □ together with relevant staternent as to the identity of the copy 

or copies with the tables mentioned in left column : 
11 El other ("j^ecf^i^/Re^^rn f^eceipt postcard .1 


Figure of the drawings which 
should accompany the abstract: 


Languajge of filing of the ^ r ^ 
international application: t^ngiisn 


Box No. X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 

Next to each stgfiature, OitBaUe the name of the person signing and the capacity hi whUA Oe person signs ^such capaeify is not obvious Jhm readuizthe reauesi). 






Michael S. Greiifield/ r~ 
Registration No>87fi42| 





2. Drawings: 
1 1 received: 


3. Corrected date of actual receipt due to later but 
timely received papers or drawings completing the 
purported international application: 


4, Date of timely receipt of the required 
corrections under PCT Article 1 1 (2): 


1 1 not received: 


5. International Searching Authority ^ O 
(iftwo or more are competent): ISA/ ^* 


6. |~1 Transmittal of search copy delayed 
1 1 until search fee is paid 





For International Bureau use only 



Date of receipt of the record copy 
by the International Bureau: 



Form PCT/RO/1 01 (last sheet) (January 2004) 
LegalStar 2004, Form PCTREQ 



See Notes to the request form 



P C T---' U B O s*/ Jl B 3 Qi O 

This sheet is not part of and does not count as a sheet of the international application. 

PCX .— _ For receiving Office use only 



FEE CALCULATION SHEET 
Annex to the Request 



Applicant's or agent's 
file reference 



03-46S-E (400.151PCT) 



WT/liS 04/1639 0 

International Application No. 



Date stamp of the receivii 



2 4 MAY 2004 



Applicant 
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RNA INTERFERENCE MEDIATED INmBITION OF GENE EXPRESSION 
USING CHEMICALLY MODIFIED SHORT INTERFERING NUCLEIC ACID 

(siNA) 

This application is a continuation-in-part of U.S. Patent Application No. 10/826,966, 
5 filed April 16, 2004, which is a continuation-in-part of U.S. Patent Application No. 
10/757,803, filed January 14, 2004, which is a continuation-in-part of U.S. Patent 
Application No. 10/720,448, filed November 24, 2003, which is a continuation-in-part of 
U.S. Patent Application No, 10/693,059, filed October 23, 2003, which is a 
continuation-in-part of U.S. Patent Application No. 10/444,853, filed May 23, 2003 and a 

10 contmuation-in-part of 10/652,791, filed August 29, 2003, which is a continuation of 
10/422,704, filed April 24, 2003, which is a continuation of U.S. Patent Application No. 
10/417,012, filed April 16, 2003. This application is also a continuation-in-part of 
International Patent Application No. PCT/US03/05346, filed February 20, 2003, and a 
continuation-in-part of International Patent Application No. PCT/US03/05028, filed 

15 February 20, 2003, both of which claim the benefit of U.S. Provisional Application No. 
60/358,580 filed February 20, 2002, U.S. Provisional AppUcation No. 60/363,124 filed 
March 11, 2002, U.S. Provisional Application No. 60/386,782 filed June 6, 2002, U.S. ' 
Provisional Application No. 60/406,784 filed August 29, 2002, U.S. Provisional 
Application No. 60/408,378 filed September 5, 2002, U.S. Provisional Application No. 

20 . 60/409,293 filed September 9, 2002, and U.S. Provisional Application No. 60/440,129 
filed January 15, 2003. This application is also a continuation-in-part of US Patent 
Application No. 10/427,160, filed April 30, 2003 and International Patent Application No. 
PCT/US02/15876 filed May 17, 2002. This application is also a continuation-in-part of 
U.S. Patenfl Application No. 10/727,780 filed December 3, 2003. This application also 

25 claims the benefit of U.S. Provisional Application No. 60/543,480 filed February 10, 2004. 
The instant application claims the benefit of all the listed applications, which are hereby 
incorporated by reference in their entireties, including the drawings. 
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applications. Specifically^ the invention comprises synthetic small nucleic acid molecules, 
such, as short interfering nucleic acid (siNA), short interfering RNA (siRNA), 
double-stranded RNA (dsRNA), micro-RNA (miRNA), and short hairpin RNA (shRNA) 
molecules capable of mediating RNA interference (RNAi). 

5 Background Of The Invention 

The following is a discussion of relevant art pertaining to RNAi. The discussion is 
provided only for understanding of the invention that follows. The summary is not an 
admission that any of flie work described below is prior art to the claimed mvention. 
Applicant demonstrates herein that chemically modified short interfering nucleic acids 
10 possess the same capacity to mediate RNAi as do siRNA molecules and are expected to 
possess improved stability and activity in vivo; tfierefore, this discussion is not meant to be 
limiting only to siRNA and can be applied to siNA as a whole. 

RNA interference refers to the process of sequence-specific post-transcriptional gene 
silencing in animals mediated by short interfering RNAs (siRNAs) (Zamore et al, 2000, 

15 Cell, 101, 25-33; Fire et al, 1998, Nature.^ 391, 806; Hamilton et al, 1999, Science, 286, 
950-951; Lin etal, 1999, Nature, 402, 128-129; and Strauss, 1999, Science, 286, 886). The 
cor^sponding process in plants (Heifetz et al. International PCT Publication No. WO 
99/6163 1) is commonly referred to as post-transcriptional gene silencing or RNA silencing 
and is also referred to as quelling in fungi. The process of post-transcriptional gene 

20 silencing is thought to be an evolutionarily-conserved cellular defense mechanism used to 
prevent tiie expression of foreign genes and is commonly shared by diverse flora and phyla 
(Fire et al, 1999, Trends Genet, 15, 358). Such protection firom foreign gene expression 
may have evolved in response to the production of double-stranded RNAs (dsRNAs) 
derived fimn viral infection or fix>m the random integration of transposon elements into a 

25 host genome via a cellular response that specifically destroys homologous single-stranded 
RNA or viral genomic RNA. The presence of dsRNA in cells triggers the RNAi response 
dirough a mechanism that has yet to be fiilly characterized. This mechanism appears to be 
different fix^m other known mechanisms involving double stranded RNA-specific 
ribonucleases, such as the interferon response that results from dsRNA-mediated activation 

30 of protein kinase PKR and 2',5 -oligoadenylate synthetase resulting in non-specific 
cleavage of mRNA by ribonuclease L (see for example US Patent Nos. 6,107,094; 
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5,898,031; Clemens et aL, 1997, J. Interferon & Cytokine Res., 17, 503-524; Adah et al, 
2001, Curr. Med. Chem.. 8, 1189). 

The presence of long dsRNAs m cells stimulates the activity of a ribonuclease HI 
enzyme refened to as dicer (Bass, 2000, Cell, 101, 235; Zamore et al., 2000, Cell, 101, 

5 25-33; Hammond et al., 2000, Nature, 404, 293). Dicer is involved in the processing of the 
dsKNA into short pieces of dsKNA known as short interfering RNAs (siRNAs) (Zamore et 
al, 2000, Cell, 101, 25-33; Bass, 2000, Cell, 101, 235; Berstein et aL, 2001, Nature, 409, 
363). Short interfering RNAs derived from dicer activity are typically about 21 to about 23 
nucleotides in length and comprise about 19 base pair duplexes (Zamore et aL, 2000, Cell, 

10 101, 25-33; Elbashir et aL, 2001, Genes Dev., 15, 188). Dicer has also been implicated in 
the excision of 21- and 22-nucleotide small temporal RNAs (stRNAs) from precursor RNA 
of conserved structure that are impUcated in translational control (Hutvagner et aL, 2001, 
Science, 293, 834). The RNAi response also features an endonuclease complex, cormnonly 
referred to as an RNA-induced silencing complex (RISC), which mediates cleavage of 

1 5 single-stranded RNA having sequence complementary to the antisense strand of the siRNA 
duplex. Cleavage of the target RNA takes place in the middle of the region complementary 
to the antisense strand of the siRNA duplex (Elbashir et aL, 2001, Genes Dev., 15, 188). 

RNAi has been studied in a variety of sjrstems. Fire et al., 1998, Nature, 391, 806, 
were the first to observe RNAi in C elegans. Bahramian and Zarbl, 1999, Molecular and 

20 Cellular Biology, 19, 274-283 and Wiaimy and Goetz, 1999, Nature Cell BioL, 2, 70, 
describe RNAi mediated by dsRNA in mammalian systems. Hammond et aL, 2000, 
Nature, 404, 293, describe RNAi in Drosophila cells transfected wifli dsRNA. Elbashir et 
aL, 2001, Nature, 411, 494 and I^schl et aL, International PCTT Publication No. WO 
01/75164, describe RNAi induced by introduction of duplexes of syntfietic 21-nucleotide 

25 RNAs in cultured manunalian cells including human embryonic kidney and HeLa cells. 
Recent work in Drosophila embryonic lysates (Elbashir et aL, 2001, EMBOX, 20, 6877 
and Tuschl et aL, International PCT Publication No. WO 01/75164) has revealed certain 
requirements for siRNA length, stmcture, chemical composition, and sequence that are 
essential to mediate efficient RNAi activity. These studies have shown that 21-nucleotide 

30 siRNA duplexes are most active when containing 3 '-terminal dinucleotide overhangs. 
Furthermore, complete substitution of one or both siRNA strands with 2 -deoxy (2 -H) or 
2 -O-methyl nucleotides abolishes RNAi activity, whereas substitution of the 3*-terminal 
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siRNA overhang nucleotides with 2*-deoxy nucleotides (2*-H) was shown to be tolerated. 
Single mismatch sequences in the center of the siRNA duplex were also shown to abolish 
RNAi activity. In addition, these studies also indicate that the position of flie cleavage site 
in the target RNA is defined by the 5'-end of the siRNA guide sequence rattier than the 
5 3'-endofthe guide sequence (Elbashir era/., 2001,EMSOJ., 20,6877). Other studies have 
indicated tiiat a S*->phosphate on the target-complementary strand of a siRNA duplex is 
required for siRNA activity and ftat ATP is utilized to maintain flie S'-phosphate moiety on 
the siRNA (Nykanen et al., 2001, Cell 107, 309). 

Studies have shown that replacing the 3 -terminal nucleotide overhanging segments 

10 of a 21-mer siRNA duplex having two-nucleotide 3 -overhangs with deoxyribonucleotides 
does not have an adverse effect on RNAi activity. Replacing up to four nucleotides on each 
end of the siRNA vdth deoxyribonucleotides has 'been reported to be well tolerated, 
whereas complete substitution with deoxyribonucleotides results in no RNAi activity 
(Elbashir et al, 2001 , EMsd 20, 6877 and Tuschl et al. International PCX Publication 

15 No. WO 01/75164). In addition, Elbashir et al, supra, also report that substitution of 
siRNA with 2'-0-methyl nucleotides completely abolishes RNAi activity. Li et al. 
International PCT Publication No. WO 00/44914, and Beach et al. International PCX 
Publication No. WO 01/68836 preliminarily suggest that siRNA may include 
modifications to either the phosphate-sugar backbone or the nucleoside to include at least 

20 one of a nitrogen or sulfur heteroatom, however, neither application postulates to what 
extent such modifications would be tolerated in siRNA molecules,, nor provides any further 
guidance or examples of such modified siRNA. Kreutzer et aL, Canadian Patent 
Application No. 2,359, 1 80, also describe certain chemical modifications for use in dsRNA 
constmcts in order to counteract activation of double-stranded RNA-dependent protein 

25 kinase PKR, specifically 2'-amino or 2'-0-methyl nucleotides, and nucleotides containmg a 
2'-0 or 4'-C methylrae bridge. However, Kreutzer et al similarly fails to provide examples 
or guidance as to what extent these modifications would be tolerated in dsRNA molecules. 

Parrish et al, 2000, Molecular Cell, 6, 1077-1087, tested certain chemical 
modifications targeting the unc-22 gene in C elegatis using long (>25 nt) siRNA 
30 transcripts. The authors describe the introduction of thiophosphate residues into these 
siRNA transcripts by incorporating thiophosphate nucleotide analogs with T7 and T3 RNA 
polymerase and observed that RNAs with two phosphorothioate modified bases also had 
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substantial decieases in effectiveness as RNAi. Furttier, Pairish et aL reported fliat 
phosphoiothioate modification of more than tv^o residues greatly destabilized Oie KNAs in 
vitro such that interference activities could not be assayed. Id. at 1081. The authors also 
tested certain modifications at the 2 -position of the nucleotide sugar in the long siRNA 
5 transcripts and foimd that substituting deoxynucleotides for ribonucleotides produced a 
substantial decrease in interference activity, especially in the case of Uridine to Thymidine 
and/or Cytidine to deoxy-Cytidine substitutions. Id. In addition, die authors tested certain 
base modifications, including substituting, in sense and antisense strands of the siRNA, 

4- thiouracil, S-bromoumcil, S-iodoumcil, and 3-(aminoal]yl)uracil for uracil, and inosine 
10 for. guanosine. Whereas 4-thiouracil and S-bromouracil substitution appeared to be 

tolerated, Parrish reported Aat inosine produced a substantial decrease in interference 
activity when incorporated in either strand. Parrish also reported that incorporation of 

5- iodouracil and 3-(aminoallyl)uracil in the antisense strand resulted in a substantial 
decrease in RNAi activity as well. 

15 The use of longer dsRNA has been described. For example. Beach et aL, 

Intemational PCT Publication No. WO 01/68836, describes specific methods for 
attenuating gene expression using endogenously-derived dsRNA. Tuschl ei aL, 
hitemational PCT Publication No. WO 01/75164, describe a Drosophila in vitro KNAi 
system and the use of specific siRNA molecules for certain functional genomic and certain 

20 tiier^eutic applications; altiiough Tuschl, 2001, Chenu Biochem., 2, 239-245, doubts tiiat 
RNAi can be used to cure genetic diseases or viral infection due to the danger of activating 
interferon response. Li et al., Int^national PCT Publication No. WO 00/44914, describe 
the use of specific long (141 bp-488 bp) en^miatically synthesized or vector expressed 
dsRNAs for attenuating the e^qnession of certain target genes. Z^nnicka-Goetz et aL, 

25 Intemational PCT Publication No. WO 01/36646, describe certain methods for inhibitmg 
the expression of particular genes in mammalian cells using certain long (550 bp-714 bp), 
enzymatically syntiiesized or vector expressed dsRNA molecules. Fire et aL, Intemational 
PCT Publication No. WO 99/32619, describe particular methods for introducing certain 
long dsRNA molecules into cells for use in inhibiting gene expression in nematodes. 

30 Plaetinck et al., Intemational PCT Publication No. WO 00/01 846, describe certain methods 
for identifying specific genes responsible for conferring a particular phenotype in a cell 
using specific long dsRNA molecules. Mello et aL, Intemational PCT Publication No. WO 
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01/29058, describe tibe identification of specific genes involved in dsRNA-mediated KNAi. 
Pachuck et al.. International PCT Publication No. WO 00/63364, describe certain long (at 
least 200 nucleotide) dsRNA constructs. Deschamps Depaillette et aL, International PCT 
Publication No. WO 99/07409, describe specific compositions consisting of particular 

5 dsKNA molecules combined with certain anti-viral agents. Waterhouse et aL, International 
PCT PubUcation No. 99/53050 and 1998, PNAS, 95, 13959-13964, describe certain 
methods for decreasing the phenotypic expression of a nucleic acid in plant cells using 
certain dsRNAs. Driscoll et aL, International PCT Publication No. WO 01/49844, describe 
specific DNA e3q[>ression constructs for use in fecilitating gene silencing in targeted 

10 organisms. 

Odiers have reported o^i various RNAi and gene-silencing systems. For example, 
Parrish et al,, 2000, Molecular Celh 6, 1077-1087, describe specific chemically-modified 
dsRNA constructs targeting the imc-22 gene of C elegans. Grossniklaus, International 
PCT Publication No. WO 01/38551, describes certain methods for regulating polycomb 

15 gene expression in plants using certain dsENAs. Churikov et aL, International PCT 
Publication No. WO 01/42443, describe certain methods for modifying genetic 
characteristics of an organism using certain dsRNAs. Cogoni et aL, Intemational PCT 
Publication t«Io. WO 01/53475, describe certain methods for isolating a Neurospora 
silencing gene and uses thereof. Reed et aL, Intemational PCT Publication No. WO 

20 01/68836, describe certain methods for gene silencing in plants. Honer et aL, Intemational 
PCT Publication No. WO 01/70944, describe certain methods of dmg screening using 
transgenic nematodes as Parkinson's Disease models using certain dsRNAs. Deak cd,. 
International PCT Publication No. WO 01/72774, describe certain Drosophila-dmyed 
gene products that may be related to RNAi in Drosophila. Amdt et aL, International PCT 

25 Publication No. WO 01/925 1 3 describe certain methods for mediating gene siq)pression by 
using factors that enhance RNAi. Tuschl et aL, Intemational PCT Publication No. WO 
02/44321, describe certain synthetic siRNA constrocts. Pachuk et aL, Intemational PCT 
Publication No. WO 00/63364, and Satishchandian et aL, Intemational PCT Publication 
No. WO 01/04313, describe certain methods and compositions for inhibiting the fimction 

30 of certain polynucleotide sequences using certain long (over 250 bp), vector expressed 
dsRNAs. Echeverri et aL, Intemational PCT Publication No. WO 02/38805, describe 
certain C. elegans genes identified via RNAi. Kreutzer et aL, Intemational PCT 
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Publications Nos. WO 02/0SS692, WO 02/0S5693» and EP 1 144623 Bl describes certain 
methods for inhibiting gene expression using dsSNA. Graham et aL, International PCT 
Publications Nos. WO 99/49029 and WO 01/70949, and AU 4037501 describe certain 
vector expressed siRNA molecules. Fire et al, US 6,506,559, describe certain mettiods for 
5 inhibiting gene expression in vitro using certain long dsRNA (299 bp-1033 bp) constructs 
that mediate RNAi. Martinez et aL, 2002, Ce//, 110, 563-574, describe certain single 
stranded siRNA constracts, including certain 5'-phosphorylated single stranded siRNAs 
that mediate RNA interference in Hela cells. Harborth et aL, 2003, Antisense & Nucleic 
Acid Drug Development, 13, 83-105, describe certain chCTiically and structurally modified 
10 siRNA molecules. Chiu and Rana, 2003, RNA^ 9, 1034-1048, describe certain chemically 
and structurally modified siRNA molecules. Woolf aL, International PCT Publication 
Nos. WO 03/064626 and WO 03/064625 describe certain chemically modified dsRNA 
constructs. 

' SUMMARY OF THE INVENTION 

15 This invention comprises compounds, compositions, and methods usefiil for 

modulating RNA fimction and/or gene expression in a cell. Specifically, the instant 
invention features synthetic small nucleic acid molecules, such as short interfering nucleic 
acid (siNA), short interfering RNA (siRNA), double-stranded RNA (dsRNA), micro-RNA 
(miRNA), and short hairpin RNA (shRNA) molecules capable of modulating gene 

20 e3q[)ressi6n in cells by RNA inference (RNAi). The siNA molecules of the invention can be 
chemically modified. The use of chemically modified siNA can improve various 
properties of native siRNA molecules through increased resistance to nuclease degradation 
in vivo and/or improved cellular uptake. The chemically modified siNA molecules of tiie 
instant invention provide useful reagents and methods for a variety of therapeutic, cosmetic, 

25 cosmeceutical, prophylactic, diagnostic, agricultural, target validation, genomic discoveiy, 
genetic engineering and pharmacogenomic applications. 

' Li one embodiment, the invention features compounds, compositions, and methods 
usefiil for modulating the expression of genes associated with the maintenance or 
development of a disease, condition, or trait in a cell, organism, or subject, for CTcample 
30 genes and variants thereof, including polymoiphic variants such as single nucleotide 
polymoiphism (SNP) variants associated with one or more diseases, conditions, or traits 
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using short interfering nucleic acid (siNA) molecules. ' This invention also relates to 
compounds, compositions, and methods useful for modulating the expression and activity 
of genes associated with the maintenance or development of a disease, condition, or trait in 
a cell, organism, or subject by RNA interference (RNAi) using small nucleic acid 
5 molecules. In particular, fee instant mvention features small nucleic acid molecules, such 
as short mteifering nucleic acid (siNA), short interfering RNA (siRNA), double-stranded 
RNA (dsRNA), micro-RNA (miRNA), and short hairpin RNA (shRNA) molecules and 
methods used to modulate the expression of genes and/or gene alleles associated with the 
development or maintenance of a disease, condition, or tiait m a cell, organism, or subject 

10 In a non-limiting example, the mtroduction of chemically modified nucleotides into 

nucleic acid molecules provides a powerful tool in overcoming potential limitations of m 
vivo stability and bioavailability inherent to native RNA molecules that are delivered 
exogenously. For example, the use of chemically modified nucleic acid molecules can 
enable a lower dose of a particular nucleic acid molecule for a given therapeutic effect since 

15 chemically modified nucleic acid molecules tend to have a longer half-life in serum. 
Furthermore, certain chemical modifications can improve the bioavailabilily of nucleic 
acid molecules by targeting particular cells or tissues and/or improving cellular uptake of 
tfie nucleic acid molecule. Therefore, even if the activity of a chemically modified nucleic 
acid molecule is reduced as compared to a native nucleic acid molecule, for example when 

20 compared to an all RNA nucleic acid molecule, flie overall activity of fte modified nucleic 
acid molecule can be greater than flie native molecule due to improved stabflity and/or 
delivery of the molecule. Unhke native unmodified siRNA, chemically modified siNA can 
also minimize the possibility of activating interferon activity in humans. 

In one embodiment, the invention features one or more siNA molecules and methods 
25 that independently or in combination modulate the expression of genes encoding proteins 
that are associated with the maintenance and/or development of a disease, condition, or trait 
in a cell, organism, or subject. Such genes include ttiose encoding sequences comprising 
those sequences referred to by GenBank Accession Nos. described herein and in Table V of 
PCTAJS03/05028 (International PCT Publication No. WO 03/74654), all of which genes 
30 are included within in the defintion of gene(s) herein. The description below of the various 
aspects and embodiments of the invention is provided with reference to such exemplary 
genes. However, the various aspects and embodiments are also directed to other genes, 

8 



MBHB 03-465-E; (400/160) 

such as gene mutations. alAemative splice variants, aUelic variants and polymorphisms 
such as single nucleotide polymorphisms (SNPs) associated with flie development or 
mamtenance of a disease, condition, or trait in a cell, organism, or suhject These 
additional genes can be analyzed for target sites using the methods generally described for 
5 genesherein. Thus, the modulation ofother genes and the efBsctsofsuch modulation of flie 
other genes can be performed, determmed, and measured as described herem. 

In one embodiment, the mvention features a double-stranded short interfering nucleic 
acid (siNA) molecule that down-regulates expression of a gene, wherein said siNA 
molecule comprises about 19 to about 21 base pairs. 

10 In one embodiment, flie invention features a siNA molecule that down-regulates 

expression of a gene, for example, wherem tiie gene comprises a protein encoding sequence. 
In one embodiment, tiie invention features a siNA molecule that down-regulates expression 
of a gene, for example, wherein the gene comprises non-coding sequence or regulatory 
elements involved in gene expression. 

15 In one embodiment, tiie invention features a siNA molecule having RNAi activity 

against a RNA, wherem ttie siNA molecule comprises a sequence complementary to any 
RNA having coding or non-encoding sequence, such as those sequences having GenBahk 
Accession Nos. shown in Table I or sequences referred to by GehBank Accession Nos. 
described herein and in Table V of PCT/US03/05028 (International PCT Publication No. 
20 WO 03/74654) or otherwise known in the art. In another embodiment, flie invention 
features a siNA molecule having RNAi activity against a RNA, wherein flie siNA molecule 
comprises a' sequence complementary to an RNA havmg variant (e.g., mutant, 
polymorphism, alternative splice variant) encoding sequence, for example oflier mutant 
genes not shown in Table I but known in tfie art to be associated with the maintenance 
25 and/or development of a disease, condition, or trait. Chemical modifications as shown in 
Tables m and IV or otherwise described herein can be applied to any siNA construct of 
flie invention. In another embodiment, a siNA molecule of flie invention includes a 
nucleotide sequence that can mteract wifli nucleotide sequence of a gene and fliereby 
mediate silencmg of gene expression, for example, wherein flie siNA mediates regulation 
30 of gene expression by cellular processes that modulate the chromatin structure or 
methylation patterns of the gene and prevent transcription of the gene. 
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In one embodiment, the nucleic acid molecules of the invention that act as mediators 
of the RNA interference gene silencing response are chemically modified double stranded 
nucleic acid molecules. As in their native double stranded RNA counterparts, these siNA 
molecules typically consist of duplexes containing about 19 base pairs between 

5 oligonucleotides comprising about 19 to about 25 nucleotides. The most active siRNA 
molecules are bought to have such duplexes with overhanging ends of 1-3 nucleotides, for 
example 21 nucleotide duplexes with 19 base pairs and 2 nucleotide 3 '-overhangs. These 
overhanging segments are readily hydrolyzed by endonucleases in vivo. Studies have 
shown that replacing the 3 '-overhanging segments of a 21-mer siRNA duplex having 2 

10 nucleotide 3' overhangs with deoxyribonucleotides does not have an adverse effect on 
RNAi activity. Replacing up to 4 nucleotides on each end of the siRNA with 
deoxyribonucleotides has been reported to be well tolerated whereas complete substitution 
witti deoxyribonucleotides results in no RNAi activity (Elbashir et al., 2001, EMBO J., 20, 
6877). In addition, Elbashir et al, supra, also report that substitution of siRNA wifli 

15 2'-0-methyl nucleotides completely abolishes RNAi activity. Li et al. International PCX 
Publication No. WO 00/44914, and Beach et al. International PCX Publication No. WO 
01/68836 both suggest that siRNA may mclude modifications to either the phosphate-su^ 
back bone or ttie nucleoside to include at least one of a nitrogen or sulfur heteroatom, 
however neither application teaches to what extent these modifications are tolerated in 

20 siRNA molecules nor provide any examples of such modified siRNA. Kreutzer and 
Limmer, Canadian Patent Applicatioii No. 2,359,180, also describe certain chemical 
modifications for use in dsRNA constructs in order to counteract activation of double 
stranded-RNA-dependent protein kinase PKR, specifically 2*-amino or 2'-0-inethyl 
nucleotides, and nucleotides containing a 2'-0 or 4'-C methylene bridge. However, 

25 Kreutzer and Limmer similarly fail to show to what extent these modifications are tolerated 
in siRNA molecules nor provide any examples of such modified siRNA. 

In one embodiment, the invention features chemically modified siNA constructs 
having specificity for target nucleic acid molecules in a cell. Non-limiting examples of 
such chemical modifications include without limitation phosphorothioate intemucleotide 
30 linkages, 2'-0-methyl ribonucleotides, 2'-deoxy-2'-fluoro ribonucleotides, 2*-deoxy 
ribonucleotides, "universal base" nucleotides, 5-C-methyl nucleotides, and inverted 
deoxyabasic residue incorporation. These chemical modifications, when used in various 
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siNA constructs, are shown to preserve RNAi activity in cells while at the same time, 
dramatically increasing the sermn stahility of fliese compounds. Furthermore, contrary to 
the data published by Parrish et aL, supra, applicant demonstrates that multiple (greater 
than one) phosphorothioate substitutions are well-tolerated and confer substantial mcreases 
5 in serum stability for modified siNA constructs. 

In one embodhnent, flie chemically-modified siNA molecules of the invention 
comprise a duplex having two strands, one or both of which can be chemically-modified, 
wherein each strand is about 19 to about 29 (e.g., about 18, 19, 20, 21 , 22, 23, 24, 25, 26, 27, 
28, 29 or 30) nucleotides. In one embodiment, the chemically-modified siNA molecules of 
10 the invention comprise a duplex having two strands, one or both of which can be 
chemically-modified, wherein each strand is about 19 to about 23 (e.g., about 18, 19, 20, 21, 
22, 23 or 24) nucleotides. In one embodiment, a siNA molecule of the invention comprises 
modified nucleotides while maintaining the ability to mediate RNAi. The modified 
nucleotides can be used to improve in vitro or in vivo characteristics such as stability, 
15 activity, and/or bioavailability. For example, a siNA molecule of tiie invention can 
comprise modified nucleotides as a percentage of the total number of nucleotides present m 
the siNA molecule. As such, a siNA molecule of the mvention can generally comprise 
modified nucleotides fi:om about 5 to about 100% of the nucleotide positions (e.g., 5%, 
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 
20 90%, 95% or 100% of the nucleotide positions). The actual percentage of modified 
nucleotides present in a given siNA molecule depends on the total number of nucleotides 
present in tiie siNA. If the siNA molecule is single stranded, the percent modification can 
be based upon the total number of nucleotides present in the single stranded siNA 
molecules. Likewise, if the siNA molecule is double stranded, the percent modification 
25 can be based upon tiie total number of nucleotides present in tfie sense strand, antisense 
strand, or both flie sense and antisense strands. In addition, tiie actual percentage of 
modified nucleotides present in a given siNA molecule can also depend on tiie total number 
of purme and pyrimidine nucleotides present m tiie siNA, for example, wherein all 
pyrimidine nucleotides and/or all purine nucleotides present in the siNA molecule are 
30 modified. 

The antisense region of a siNA molecule of the invention can comprise a 
phosphorotiiioate intemucleotide linkage at tiie 3'-end of said antisense region. The 
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antisense region can comprise about one to about five phosphorotMoate intemucleotide 
linkages at the 5*-end of said antisense region. The 3'-tenninal nucleotide oveifaangs of a 
siNA molecule of the invention can comprise ribonucleotides or deoxyribonucleotides that 
are chemically-modified at a nucleic acid sugar, base, or backbone. The 3'-terminal 
5 nucleotide overhangs can comprise one or more universal base ribonucleotides. The 
3'-tenninal nucleotide overhangs can comprise one or more acyclic nucleotides. The 
3*-terminal nucleotide overhangs can comprise one or more cap moieties, such as cap 
moieties shovm in Figure 22. 

In one embodiment, a siNA molecule of the invention comprises blunt ends, i.e.. tiie 
10 ends do not include any overhanging nucleotides. For example, a siNA molecule of the 
invention conq>rising modifications described herein (e.g., comprising nucleotides having 
Formulae I-VH or siNA constructs comprising "Stab00**-"Stab25" (Table IV) or any 
combination thereof) and/or any length described herein can comprise blunt ends or ends 
with no overhanging nucleotides. 

15 In one embodiment, any siNA molecule of the invention can comprise one or more 

blunt ends, i.e. where a blunt end does not have any ov^liangmg nucleotides. In a 
non-limitmg example, a blunt ended siNA molecule has a number of base pairs equal to the 
number of nucleotides present in each strand of the siNA molecule. In another example, a 
siNA molecule comprises one blunt end, for example wherein flie 5'-end of the antisense 
20 strand and the 3'-end of the sense strand do not have any overhanging nucleotides. In 
another example, a siNA molecule comprises one blunt end, for example wherein the 
3*-end of flie antisense strand and the 5'-end of the sense strand do not have any 
oveihanghig nucleotides. In anotha: example, a siNA molecule comprises two blimt aids, 
for example wherein the 3*-end of the antisense strand and the 5*-end of the sense strand as 
25 well as the 5'-end of the antisense strand and 3'-end of the sense strand do not have any 
overhanging nucleotides. A blunt ended siNA molecule can comprise, for example, from 
about 18 to about 30 nucleotides (e.g., about 18, 1 8, 19, 20, 21 , 22, 23, 24, 25, 26, 27, 28, 29, 
or 30 nucleotides). Ottier nucleotides present in a blunt ended siNA molecule can comprise 
mismatches, bulges, loops, or wobble base pairs, for example, to modulate the activity of 
30 the siNA molecule to mediate KNA interference. 
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By "blunt ends'* is meant symmetric teimini or tennini of a double stranded siNA 
molecule having no overhainging nucleotides. The two strands of a double stranded sjNA 
molecule align wifli each other without over-hanging nucleotides at the tennini. For 
example, a blunt ended siNA construct comprises terminal nucleotides that are 
S complimentary between the sense and antisense regions of the siNA molecule. 

In one embodiment, the invention features the use of a double-stranded short 
interfering nucleic acid (siNA) molecule to down-regulate expression of a target gene, 
wherein the siNA molecule comprises one or more chemical modifications and each strand 
of the double-stranded siNA is about 19 to about 23 nucleotides (e.g., about 19, 20, 21, 22, 
10 or 23 nucleotides) long. 

In one embodiment, the invention features a double-stranded short interfering nucleic 
acid (siNA) molecule that down-regulates expression of a target gene, wherein the siNA 
' molecule comprises no ribonucleotides and each strand of the double-stranded siNA 
comprises about 19 to about 23 nucleotides (e.g., about 19, 20, 21, 22, or 23 nucleotides). 

15 In one embodiment, one of the strands of a double-stranded siNA molecule of the 

invention comprises a nucleotide sequence that is complementary to a nucleotide sequence 
or a portion thereof of a target gene, and wherein the second strand of a double-stranded 
siNA molecule comprises a nucleotide sequence substantially similar to the nucleotide 
sequence or a portion thereof of the target gene. 

20 In one embodiment, a siNA molecule of the invention comprises about 1 9 to about 23 

nucleotides (e.g., about 19, 20, 21, 22, or 23 nucleotides), and each strand comprises at least 
about 1 9 nucleotides that are complementary to the nucleotides of the other strand. 

In one embodiment, a siNA molecule of tiie invention comprises an antisense region 
comprising a nucleotide sequence tiiat is conq)lementary to a nucleotide sequence or a 

25 portion tiiereofofa target gene, and &e siNA further comprises a sense region, wherein the 
sense region comprises a nucleotide sequence substantially similar to the nucleotide 
sequence or a portion thereof of the target gene. The antisense region and the sense region 
each comprise about 19 to about 23 nucleotides (e.g., about 19, 20, 21, 22, or 23 
nucleotides), and the antisense region comprises at least about 19 nucleotides that are 

30 complementary to nucleotides of the sense region. 
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In one embodiment, a siNA molecule of the invention comprises a sense legion and 
an antisense region, wherein flie antisense region comprises a nucleotide sequence that is 
complementary to a nucleotide sequence or a portion thereof of KNA encoded by a target 
gene and flie sense region comprises a nucleotide sequence that is complementary to flie 
S antisense region. 

In one embodiment, a siNA molecule of the invention is assembled from two 
separate oligonucleotide fragments wherein one fragment comprises the sense region and 
flie second fragment comprises the antisense region of ttie siNA molecule. In anoflier 
embodiment, the sense region is connected to the antisense region via a Imker molecule, 
10 which can be a polynucleotide linker or a non-nucleotide linker. 

In one embodiment, a siNA molecule of the invention comprises a sense region and 
antisense region, wherein pyrimidine nucleotides in tiie sense region compries 2'-0-methyl 
pyrimidine nucleotides and purine nucleotides in the sense region comprise 2'-deoxy purine 
nucleotides. In one embodiment, a siNA molecule of the invention comprises a sense 
15 region and antisense region, wherein pyrimidine nucleotides present in ttie sense region 
comprise 2'-deoxy-2'-fluoro pyrimidine nucleotides and wherein purine nucleotides 
present in flie sense region comprise 2*-deoxy purine nucleotides. 

In one embodiment, a siNA molecule of the invention comprises a sense region and 
antisense region, wherein the pyrimidine nucleotides when present in said antisense region 
20 are 2'-4eoxy-2'-fluoro pyrimidine nucleotides and the purine nucleotides when present in 
said antisense region are 2*-0-methyl purine nucleotides. 

In one embodiment a siNA molecule of the invention comprises a sense region and 
antisense region, wherein the pyrimidine nucleotides when present m said antisense region 
are y-deoxy-2'-fluoro pyrimidine nucleotides and wherein the purine nucleotides when 
25 present in said antisense region comprise 2'-deoxy- purine nucleotides. 

In one embodiment, a siNA molecule of the invention comprises a sense region and 
antisense region, wherein the sense region includes a terminal cap moiety at the 5'-end, the 
3'-end, or both of the 5' and 3* ends of the sense region. In another embodiment, the 
terminal cap moiety is an inverted deoxy abasic moiety or any other cap moiety such as 
30 those shown in Figure 22. 

14 
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In one embodiment, a siNA molecule of the invention has RNAi activity fliat 
modulates expression of RNA encoded by a gene. Because many genes can share some 
degree of sequence homology with each ottier, siNA molecules can be designed to target a 
class of genes (and associated receptor or ligand genes) or alternately specific genes by 
5 selecting sequences that are eiflier shared amongst different gene targets or alternatively 
that are unique for a specific grae target Therefore, in one embodiment, the siNA 
molecule can be designed to target conserved regions of a RNA sequence having sequence 
homology between' several genes so as to target several genes or gene families (e.g., 
different gene isoforms, splice variants, mutant genes etc.) with one siNA molecule. In 
1 0 another embodunent, the siNA molecule can be designed to target a sequence that is unique 
to a specific RNA sequence of a specific gene due to the high degree of specificity fliat &e 
siNA molecule requires to mediate RNAi activity. 

In one embodiment, a siNA of tiie invention is used to inhibit the expression of genes 
or a gene family, wherein the genes or gene family sequences share sequence homology. 

15 Such homologous sequences can be identified as is known in the art, for example using 
sequence alignments. siNA molecules can be designed to target such homologous 
sequences, for example using perfectly complementary sequences or by incoipoiatmg 
non-canonical base pairs (eg., mismatches and/or wobble base pairs, fliat can provide 
additional target sequences. In instances where mismatches are identified, non-canonical 

20 base pairs (e.g., mismatches and/ox wobble bases) can be used to generate siNA niolecules 
that target more than one gene sequence. In a non-limiting examjple, non-canonical base 
pairs such as UU and CC base pafrs are used to generate siNA molecules that are capable of 
targeting diflFering VEGF and/or VEGFR sequences (e.g., VEGFRl and VEGFR2), As 
such, one advantage of using siNAs of die invention is that a single siNA can be designed to 

25 include a nucleic acid sequence that is complementary to the nucleotide sequence diat is 
conserved between the VEGF receptors (i.e., VEGFRl, VEGFR2, and/or VEGFR3) such 
that the siNA can interact with RNAs of the receptors and mediate RNAi to achieve 
inhibition of expression of the VEGF rec^tors. In this approach, a single siNA can be used 
to inhibit ejqpression of more dian one VEGF receptor instead of using more than one siNA 
30 molecule to target the different receptors. 

In one embodiment, the invention features a siNA molecule having RNAi activity 
against a target RNA, wherein the siNA molecule comprises a sequence complementary to 
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any RN A having target gene encoding sequence, such as those sequences having GenBank 
Accession Nos. referred to herein. In another emhodiment, the inWtion features a siNA 
molecule having RNAi activity against a target RNA, wherein the siNA molecule 
comprises a sequence complementary to an RNA having other sequences, for example 
5 mutant genes as are known in flie art to be associated wifli a disease, condition, trait, 
genotype orphenotype. Chemical modifications as shown in Tables I and IV or otherwise 
described herein can be applied to any siNA construct of the invention. In another 
embodiment, a siNA molecule of flie invention includes nucleotide sequence tiiat can 
interact with nucleotide sequence of a target gene and thereby mediate silencing of target 
10 gene expression, for example, wherem the siNA mediates regulation of target gene 
expression by cellular processes that modulate the chromatin structure or metiiylation 
patterns of flie target gene and prevent transcription of the target gene. 

In one embodiment, siNA molecules of the invention are used to down regulate or 
inhibit flie expression of target proteins arising from haplotype polymorphisms that are 

15 associated wifli a disease, condition, trait, genotype or phenotype, (e.g., associated with a 
gain of function). Analysis of target genes, or target protein or RNA levels can be used to 
identify subjects with such polymorphisms or those subjects who are at risk of developing a 
disease, condition, trait, genotype or phenotype. These subjects are amenable to treatment, 
for example, treatment with siNA molecules of the invention and any other composition 

20 useful m treating a diseases, conditions, traits, genotypes or phenotypes related to target 
gene expression or expressed protein activity. As such, analysis of target protein or RNA 
levels can be used to determine treatment type and flie course of therapy in treating a 
subject. Monitoring of protein or RNA levels can be used to predict treatment outcome and 
to determine flie efficacy of compounds and conqpositions that modulate flie level and/or 

25 activity of certain proteins associated with a disease, condition, trait, genotype or 
phenotype. 

In one embodiment, the antisense region of a siNA molecule of the invention 
conq^rises sequence complementary to a portion of a gene transcript having sequence 
unique to a particular disease, condition, trait, genotype or phenotype related allele, such as 
30 sequence comprising a SNP associated with the disease, condition, trait, genotype or 
phenotype specific allele. As such, the antisense region of a siNA molecule of the 
invention can comprise sequence complementary to sequences that are unique to a 
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particular allele to provide specificity in mediating selective KNAi againt the disease, 
condition, trait, genotype or phenotype related allele. 

In another embodiment, the invention features a siNA molecule comprising 
nucleotide sequence, for example, nucleotide sequence in the antisense region of the siNA 
5 molecule that is complementary to a nucleotide sequence or portion of sequence of a target 
gene. In another embodiment, tfie invention features a siNA molecule comprising a region, 
for example, the antisense region of the siNA construct, complementary to a sequence 
comprising a target gene sequence or a portion thereof. 

In one embodiment of the invention a siNA molecule comprises an antisense strand 
10 havmg about 19 to about 29 (e.g., about 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, or 29) 
nucleotides, wherein the antisense strand is complementary to a RNA sequence encodmg a 
target protein, and wherein said siNA further comprises a sense strand having about 19 to 
about 29 (e.g., about 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, or 29) nucleotides, and wherein 
said sense strand and said antisense strand are distinct nucleotide sequences with at least 
15 about 19 complementary nucleotides. 

In another embodiment of the invention a siNA molecule of the invention comprises 
an antisense region havmg about 19 to about 29 (e.g., about 19, 20, 21, 22, 23, 24, 25, 26, 
27, 28, or 29) nucleotides, wherein flie antisense region is complementary to a RNA 
sequence encoding a target protein, and wherein said siNA further comprises a sense region 
20 having about 19 to about 29 or more (e.g., about 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 
more) nucleotides, wherem said sense region and said antisense region comprise a Imear 
molecule wifli at least about 19 complementary nucleotides. 

In one embodiment of tiie invention a siNA molecule comprises an antisense strand 
comprising a nucleotide sequence that is complementary to a nucleotide sequence or a 
25 portion thereof encoding a target protein. The siNA further comprises a sense strand, 
wherein said sense strand comprises a nucleotide sequence of a target gene or a portion 
thereof. 

In another embodiment, a siNA molecule comprises an antisense region comprising a 
nucleotide sequence that is complementary to a nucleotide sequence encoding a target 
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protein or a portion thereof. The siNA molecule further comprises a sense region, wherein 
said sense region comprises a nucleotide sequence of a target gene or a portion hereof. 

In one embodiment, a siNA molecule of the invention has RNAi activity that 
modulates expression of RNA encoded by a target gene. Because certain genes can share 

5 some degree of sequence homology with each other, siNA molecules can be designed to 
target a class of genes or alternately specific genes (e.g., polymorphic variants) by selecting 
sequoices that are either shared amongst different targets or alternatively that are unique 
for a specific target. Therefore, in one embodiment, the siNA molecule can be designed to 
target conserved regions of RNA sequence having homology between several gene variants 

iO so as to target a class of genes with one siNA molecule. Accordingly, in one embodiment, 
die siNA molecule of the invention modulates tiie expression of one or both alleles of a 
target gene in a subject In anotiier embodiment, the siNA molecule can be designed to 
target a sequence that is unique to a specific target RNA sequence (e.g., a smgle allele or 
associated SNP) due to the high degree of specificity that the siNA molecule requires to 

1 5 mediate RNAi activity. 

hi one onbodunent, nucleic acid molecules of the invention that act as mediators of 
the RNA interferraice gene silencing response are double-stranded nucleic acid molecules. 
In anoth^ embodiment the siNA molecules of the invention consist of duplexes containing 
about 19 base pans between oligonucleotides comprising about 19 to about 25 (eg., about 
20 19, 20, 21, :22, 23, 24, or 25) nucleotides. In yet another embodiment, siNA molecules of 
the invention comprise duplexes with overhanging ends of about about 1 to about 3 (e.g:, 
about 1, 2, or 3) nucleotides, for example, about 21-nucleotide duplexes with about 19 base 
pairs and 3'-terminal mononucleotide, dinucleotide, or trinucleotide overhangs. 

One aspect of the invention features a double-stranded short interfering nucleic acid 
25 (siNA) molecule that down-regulates expression of a target gene. In one embodiment, a 
double stranded siNA molecule comprises one or more chemical modifications and e«;h 
strand of the double-stranded siNA is about 21 nucleotides long. In one embodiment, the 
double-stranded siNA molecule does not contain any ribonucleotides. In another 
embodiment, the double-stranded siNA molecule comprises one or more ribonucleotides. 
30 In one embodmient, each strand of tiie double-stranded siNA molecule comprises about 19 
to about 29 (e.g., about 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, or 29) nucleotides, wherein 
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each strand comprises about 19 nucleotides that are complementary to the nucleotides of 
the other strand. In one embodiment, one of the strands of the double-stranded siNA 
molecule comprises a nucleotide sequence fliat is complementary to a nucleotide sequence 
or a portion thereof of flie target gene, and the second strand of the double-stranded siNA 
5 molecule comprises a nucleotide sequence substantially similar to the nucleotide sequence 
of the target gene or a portion thereof. 

In another embodiment, the invention features a double-stranded short interfering 
nucleic acid (siNA) molecule that down-regulates expression of a target gene comprising 
an antisense region, wherein the antisense region comprises a nucleotide sequence that is 

10 complementary to a nucleotide sequence of the target gene or a portion fliereof, and a sense 
region, wherein Ae sense region comprises a nucleotide sequence substantially similar to 
the nucleotide sequence of the target gene or a portion thereof. In one embodiment, the 
antisense region and the sense region each comprise about 19 to about 23 (e.g., about 19, 20, 
21, 22, or 23) nucleotides, wherein the antisense region comprises about 19 nucleotides that 

1 5 are complementary to nucleotides of the sense region. 

In anotiier embodiment, the invention features a double-stranded short interfering 
nucleic acid (siNA) molecule that down-regulates expression of a target gene comprising a 
sense region and an antisense region, wherein the antisense region comprises a nucleotide 
sequence that is complementary to a nucleotide sequence of RNA encoded by the target 
20 gene or a portion Aereof and the sense region comprises a nucleotide sequence that is 
conq>lementary to the antisense region. 

In one embodiment, a siNA of the invention is used to inhibit the expression of more 
than one gene, wherein the genes share some degree of sequence homology. Such 
homologous sequences can be identified as is known in the art, for example using sequence 

25 alignments. siNA molecules can be designed to target such homologous sequences, for 
example using perfectly complementaty sequences or by incorporating mismatches and/or 
wobble base pairs that can provide additional target sequences One advantage of using 
siNAs of the invention is that a single siNA can be designed to include nucleic acid 
sequence that is complementary to a nucleotide sequence that is conserved between the 

30 genes such that the siNA can interact witti RNA transcripts of the genes and mediate RNAi 
to achieve inhibition of expression of the genes. In this approach, a single siNA can be used 
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to inhibit expression of more than one gene, thereby obviating Ihe need to use more than 
one siNA molecule to target the diflFerent genes. The different genes can comprise, for 
example, a cytokine and its corresponding receptor(s). 

In one embodhnent, Ihe invention features a method of desigmng a single siNA to 
5 inhibit the expression of two or more genes comprising designing a siNA having nucleotide 
sequence that is complementary to nucleotide sequence encoded by or present in die genes 
or a portion diereof, wherein the siNA mediates RNAi to inhibit the expression of the genes. 
For example, a single siNA can inhibit the expression of two genes by binding to conserved 
or homologous sequence present in RNA encoded by both genes or a portion thereof. 

10 In one embodiment, nucleic acid molecules of flie invention that act as mediators of 

the RNA interference gene silencing response are double-stranded nucleic acid molecules. 
In another embodhnent, die siNA molecules of the mvention consist of diq>lexes containing 
about 19 base pahs between oligonucleotides comprismg about 19 to about 25 (e.g., about 
19, 20, 21, 22, 23, 24, or 25) nucleotides. In yet anodier embodiment, siNA molecules of 

15 the invention comprise duplexes wifli overhanging ends of about 1 to about 3 (eg., about 1, 
2, or 3) nucleotides, for example, about 21-nucleotide duplexes with about 19 base pairs 
and 3 -terminal mononucleotide, dinucleotide, or trinucleotide overhangs. 

In one embodiment, the invention features one or more chemically-modified siNA 
. constructs having specificity for nucleic acid molecules that express or encode a protein 

20 sequence, such as RNA or DNA encoding a protein sequence. Non-limiting examples of 
such chemical modifications include without limitation phosphorothioate intemucleotide 
linkages, 2'-deoxyribonucleotides, 2'-C)-methyl ribonucleotides, 2'-deoxy-2*-fluoro 
ribonucleotides, "universal base" nucleotides, "acyclic" nucleotides, 5-C-methyl 
nucleotides, and terminal glyceryl and/or inverted deoxy abasic residue incorporation. 

25 These chemical modifications, when used in various siNA constructs, are shown to 
preserve RNAi activity in cells while at die same time, dramatically mcreasmg the serum 
stability of these compounds. 

In one embodiment, a siNA molecule of the invention does not contain any 
ribonucleotides. In another embodiment, a siNA molecule of the invention comprises one 
30 or more ribonucleotides. 
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In one embodiment, flie invention features the use of compounds or conq>ositions 
fliat inhibit Ae activity of double stranded RNA binding proteins (dsRBPs, see for example 
Silhavy et al. 2003, Journal of General Virology, 84, 975-980). Non-limiting examples of 
compounds and compositions ttiat can be used to inhibit the activity of d^Ps include but 
5 are not limited to small molecules and nucleic acid aptamers that bind to or interact with tiie 
dsRBPs and consequently reduce dsRBP activity and/ot siNA molecules fliat target nucleic 
acid sequences encoding dsRBPs. The use of such compounds and compositions is 
e:q>ected to improve the activity of siNA molecules in biological systems in which dsRBPs 
can abrogate or suppress the efBcacy of siNA mediated RNA interference, such as where 
10 dsRBPs are expressed during viral infection of a cell to escape RNAi surveillance. 
Therefore, the use of agpnts that inhibH dsRBP activity is preferred in those instances 
where RNA interference activity can be improved yia Ae abrogation or suppiession of 
dsRBP activity. Such anti^<lsRBP agents can be administered alone or can be 
do-administered with siNA molecules of the invention, or can be used to pretreat cells or a 
15 subject before mNA administration. In another embodiment, anti-dsRBP agents are used to 
treat viral infection, such as HCV. HBV, or HIV infection with or wifliout siNA molecules 
of tiie invention. 

In one embodiment, the invention features a double-stranded short interfering nucleic 
acid (siNA) molecule that down-regulates expression of a gene, wherein one of the strands 
20 of the double-stranded siNA molecule comprises a nucleotide se^oice that is 
complementary to a nucleotide sequence of the gene or RNA encoded by Ihe gene or a 
portion thereof, and wherein the second strand of tiie double-stranded aNA molecule 
comprises a nucleotide sequeiK» substantially similar to the nucleotide sequ«aice of the 
gene or RNA encoded by the gene or a portion thaeot 

25 In one embodiment, the invention features a double-stranded short interfering nucleic 

acid (siNA) molecule that down-regulates expression of'a gene, wherein each strand of the 
siNA molecule comprises about 19 to about 23 nucleotides, and wherein each strand 
conqncises at least about 19 nucleotides that are complementary to the nucleotides of the 
otiier strand. 

30 ii one embodiment, the invention features a double-stranded short interfering nucleic 

acid (siNA) molecule that down-regulates expression of a gene, wherein the siNA molecule 
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comprises an antisense legion comprising a nucleotide sequence tiiat is complementaiy to a 
nucleotide sequence of tiie gene or RNA encoded by ttie gene or a portion hereof, and 
wherein the siNA fiirflier comprises a sense region, wherein the sense region comprises a 
nucleotide sequence substantially similar to flie nucleotide sequence of flie gene or RNA 
5 encoded by the gene or a portion thereof. 

In one embodiment, tiie invention features a double-stranded short interfering nucleic 
acid (siNA) molecule that inhibits the expression of a target gene by mediating RNA 
mterference (RNAi) process, wherem the siNA molecule comprises no ribonucleotides and 
wherein each strand of the double-stranded siNA molecule comprises about 21 nucleotides. 

10 In one embodiment, the invention features a double-stranded short interfering nucleic 

acid (siNA) molecule that inhibits flie replication of a virus (e.g, as mammalian virus, plant 
virus, hepatitis C virus, human immunodeficiency virus, hepatitis B virus, herpes simplex 
virus, cytomegalovirus, himian papilloma virus, respiratory syncytial viras, or influenza 
virus), wherein the siNA molecule does not require the presence of a ribonucleotide within 

15 the siNA molecule for the inhibition of replication of the virus and each strand of the 
double-stranded siNA molecule comprises about 21 nucleotides. 

In one embodiment, fee invention features a double-stranded short interfering nucleic 
acid (siNA) molecule that down-regulates expression of a gene, wherein the siNA molecule 
comprises a sense region and an antisense .region and wherein the mtisense rej^on 
20 comprises a nucleotide sequence that is complementary to a nucleotide sequence or a 
portion thereof of RNA encoded by the gene and the sense region comprises a nucleotide 
sequence fliat is complementary to the antisense region or a portion thereof, and wherein 
the purine nucleotides present in the antisense region comprise 2'-deoxy- purine 
nucleotides. In another embodiment, the purine nucleotides present in the antisense region 
25 comprise 2'-0-methyl purine nucleotides. In either of flie above embodiments, the 
antisense region comprises a phosphoiothioate intemucleotide linkage at the 3' end of the 
antisense region. In an alternative embodiment, the antisense region comprises a glyceryl 
modification at flie 3* end of the antisense region. In anotiier embodiment of any of the 
above described siNA molecules, any nucleotides present in a non-complementary region 
30 of the antisense strand (e.g., overiiang region) are 2*-deoxy nucleotides. 
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111 one embodiment, flie invention features a double-stianded short inteifisring nucleic 
acid (siNA) molecule that down-regulates expression of a gpne, wherein the siNA molecule 
is assembled fiom two sq>aiate oligonucleotide fiagmrats each comprising 21 nucleotides, 
wherein one fragment ccnnprises the sense region and the second fragment comprises 
5 antisense region of flie siNA molecule, and wherein about 19 nucleotides of each fragment 
of the siNA molecule are base-paired to ihe complementaiy nucleotides of the oflier 
fragment of the siNA molecule and wherein at least two 3' terminal nucleotides of each 
fragment of the siNA molecule are not base-paired to tiie nucleoti(fes of tiie odier fragment 
of flie siNA molecule. In one embodunen^ each of tiie two 3' tenninal nucleotides of each 
10 fragment of the siNA molecule is a 2*-deoxy-pyiimidine nucleotide, such as 
2'-deoxy-fliymidine. In another (smbodiment, aU 21 nucleotides of each fragment of the 
siNA molecule are base-paired to tiie complementary nucleotides of the other fragment of 
tiie siNA molecule. In anotiier embodiment, about 19 nucleotides of tiie antisense region 
are base-paiied to tiie nucleotide sequence or a portion thereof of tiie RNA encoded by tiie 
1 5 gene. In anotiier embodhnent, 21 nucleotides of the antisense region are base-paired to tiie 
nucleotide sequence or a portion tiiereof of the RNA encoded by flie gene. In any of the 
above embodim^its, tiie 5'-end of tiie fragment conqnismg said antisense region can 
optionally include a phosphate group. 

In one embodiment, the invention features a double-stranded short interfering nucleic 
20 acid (siNA) molecule fliat inhibits tiie expression of a RNA sequence (e,g., w^in sai^ 
target KNA sequence is encoded by a gene or a gene involved in a patiiw^ of ^ne 
expression), wherein flie siNA molecule does not contain any ribonucleotides and wherem 
each strand of the double-stranded siNA molecule is about 21 nucleotides long. Eii^ples 
of non-ribonucleotide contahung siNA constructs are combinations of stabilization 
25 chemistries shown in Table IV in any combination of Sense/Antisense chanistries, e.g.. 
Stab 7/8, Stab 7/11, Stab 8/8. Stab 18/8, Stab 18/1 1, Stab 12/13, Stab 7/13, Stab 18/13, Stab 
7/19, Stab 8/19, Stab 18/19, Stab 7/20, Stab 8/20, or Stab 18/20. 

In one embodiment, the invention features a chemically syntiiesized double stranded 
RNA molecule tiiat directs cleavage of a target RNA via RNA interference, wherem each 
30 strand of said RNA molecule is about 21 to about 23 nucleotides in lengfli; one strand of 
tiie RNA molecule comprises nucleotide sequence having sufficient conqilementarity to 
the target RNA for the RNA molecule to direct cleavage of flie tar^t RNA via RNA 
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interference; and wherein at least one strand of the KNA molecule comprises one or more 
chemically modified nucleotides described herein, such as deoxynucleotides, 2*-0-methyl 
nucleotides, 2*-deoxy-2'-fluoro nucloetides, I'-O-methoxyethyl nucleotides etc. 

In one embodunent, the uivention features a medicament comprising a siNA 
5 molecule of the invention. 

In one embodiment, the invention features an active ingredient comprising a siNA 
molecule of the invention. 

In one embodiment, the invention features the use of a double-stranded short 
interfering nucleic acid (siNA) molecule to down-regulate expression of a target gene, 
10 wherein fee siNA molecule comprises one or more chemical modifications and each strand 
of the double-stranded siNA is about 21 nucleotides long. 

In one embodiment, the invention features the use of a double-stranded short 
interfering nucleic acid (siNA) molecule to down-regulate expression of a target gene, 
wherein the siNA molecule comprises one or more chemical modifications and each strand 
15 of the double-slranded siNA is about 18 to about 28 or more (e.g., 17, 18, 19, 20, 21, 22, 23, 
24, 25, 26, 27, 28 or more) nucleotides long. 

The invention features a double-stranded short interfering nucleic acid (siNA) 
molecule that inhibits expression of a gene, wherein one of the strands of the 
double-stranded siNA molecule is an antisense strand which comprises nucleotide 
20 sequence that is complementary to nucleotide sequence of a KNA encoded by the gene or a 
portion fliereof, the o&er strand is a sense strand which comprises nucleotide sequence that 
is complementary to a nucleotide sequence of the antisense strand and whraein a majority 
of the pyrimidine nucleotides present in the double-stranded siNA molecule comprises a 
sugar modification. 

25 In one embodiment, the nucleotide sequence of the antisense strand of a siNA 

molecule of the invention is complementary to the nucleotide sequence of a RNA which 
encodes a protein or a portion thereof. In one embodiment, each strapd of the siNA 
molecule comprises about 19 to about 29 (e.g., about 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 
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28, 29 or 30) nucleotides, and each strand comprises at least about 19 nucleotides fliat aie 
complementaxy to the nucleotides of tfie other strand* 

In one embodiment, a siNA molecule of the invention is assembled from two 
oligonucleotide fragments, wherein one fragment comprises the nucleotide sequence of the 
5 antisense strand of the siNA molecule and a second fragment comprises nucleotide 
sequence of the sense region of the siNA molecule. In another embodiment, the sense 
strand is connected to the antisense strand via a linker molecule, such as a polynucleotide 
linker or a non-nucleotide linker. 

In one embodiment, of a siNA molecule of the invention, the pyrimidine nucleotides 
10 present in the sense strand are 2'-deoxy-2'-fluoro pyrunidine nucleotides and tiie purine 
nucleotides present in flie sense re^on are 2'^eoxy purine nucleotides. In another 
embodiment, the pyrimidine nucleotides present in the sense strand are 2'-deoxy-2'-fluoro 
pyrimidme nucleotides and the purine nucleotides present in the sense region are 
2'-0-methyl purine nucleotides. In one embodiment, the sense strand comprises a 3*-end 
15 and a S'-end, wherein a terminal cap moiety (e.g., an inverted deoxy abasic moiety) is 
present at the 5*-end, the 3'-end, or both of the 5' and 3' ends of flie sense strand. In one 
embodunent, the antisense strand comprises one or more 2'-deoxy-2*-fluoro pyrimidine 
nucleotides and one or more 2'-0-methyl purine nucleotides. In one embodiment, the 
pyrimidine nucleotides present m flie antisense strand are 2'-deoxy-2'-fluoro pyrimidine 
20 nucleotides and any purinis nucleotides present in the antisense strand are 2-O-methyl 
purine nucleotides. In one embodiment, the antisense strand comprises a phosphorothioate 
intemucleotide linkage at the 3* end of the antisense strand. In another embodiment, the 
antisense strand comprises a glyceryl modification at the 3* end. In another embodiment, 
the 5'-end of the antisense strand optionally includes a phosphate group. 

25 In one embodiment, the invention features a double-stranded short mterfering nucleic 

acid (siNA) molecule that down-regulates expression of a gene, wherein one of the strands 
of the double-stranded siNA molecule is an antisense strand which comprises nucleotide 
sequence that is complementary to nucleotide sequence of RNA encoded by a gene or a 
portion hereof, the other strand is a sense strand which comprises nucleotide sequence that 

30 is complementary to a nucleotide sequence of the antisense strand and wherein a majority 
of the pyrimidine nucleotides present in the double-stranded siNA molecule comprises a 
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sugar modification, and wheiein tfie nucleotide sequence of the antisense strand is 
complementaiy to a nucleotide sequence of the 5'-untranslated region ot a portion thereof 
of the RNA, In anoflier embodiment, the nucleotide sequence of the antisense strand is 
complementary to a nucleotide sequence of the RNA or a portion thereof. 

5 In one embodiment, the invention features a double-stranded short interfering nucleic 

acid (siNA) molecule that inhibits expression of a gene, wherein one of the strands of the 
double-stranded siNA molecule is an antisense strand which comprises nucleotide 
sequence that is complementary to nucleotide sequence of a RNA or a portion thereof, the 
other strand is a sense strand which comprises nucleotide sequence that is complementary 

10 to a nucleotide sequence of flie antisense strand and wherein a majority of the pyrimidine 
nucleotides present in the double-stranded siNA molecule comprises a sugar modification, 
and wherein each of ttxe two strands of the siNA molecule comprises 21 nucleotides. In one 
embodiment, about 19 nucleotides of each strand of flie siNA molecule are base-paired to 
the complementary nucleotides of the oflier strand of the siNA molecule and at least two 3* 

15 terminal nucleotides of each strand of the siNA molecule are not base-paired to the 
nucleotides of the other strand of the siNA molecule. In one embodiment, each of the two 
3' terminal nucleotides of each fragment of the siNA molecule are 2'-deoxy-pyrimidines, 
such as 2*-deoxy-fhymidine. In another embodiment, each strand of the siNA molecule is 
base-paired to the complementary nucleotides of the other strand of the siNA molecule. In 

20 one embodiment, about 19 nucleotides of the antisense strand are base-paired to the 
nucleotide sequence of the RNA or a portion fliereof. In another embodiment, 21 
nucleotides of the antisense strand are base-paired to the nucleotide sequence of the RNA 
or a portion thereof. ^ 

In one embodiment, the invention features a composition comprising a siNA 
25 molecule of the invention and a pharmaceutically acceptable carrier or diluent. 

In one embodiment, the invention features a method of increasing the stability of a 
siNA molecule agauist cleavage by ribonucleases comprising introducing at least one 
modified nucleotide into the siNA molecule, wherein the modified nucleotide is a 
2'-deoxy-2'-fluoro nucleotide. In another embodiment, all pyrimidine nucleotides present 
30 in the siNA are 2'-deoxy-2*-fluoro pyrimidine nucleotides. In another embodiment, the 
modified nucleotides in the siNA include at least one 2*-deoxy-2*-fluoro cytidine or 
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2*-deoxy-2'-fluoro uridine nucleotide. In another embodiment, the modified nucleotides in 
the siNA include at least one 2*-fluoro cytidine and at least one 2*-deoxy-2'-fluoro uridine 
nucleotides. In another embodiment, all uridine nucleotides present in the siNA are 
2'-deoxy-2*-fluoro uridine nucleotides. In another embodiment, all cytidine nucleotides 

5 present in the siNA are 2'-deoxy-2'-fluoro cytidine nucleotides. In ano&er embodiment, 
all adenosine nucleotides present in the siNA are 2'-deoxy-2'-fluoro adenosme nucleotides. 
In another embodiment, all guanosine nucleotides present in the siNA axe 
2'-deoxy-2'-fluoro guanosine nucleotides. The siNA can fur&er comprise at least one 
modified intemucleotidic linkage, such as phosphorofliioate linkage. In another 

10 embodiment, flie 2'-deoxy-2'-fluoronucleotides are present at specifically selected 
locations in flie siNA tfiat are sensitive to cleavage by ribonucleases, such as locations 
having pyrimidine nucleotides. v 

In one embodiment, flie invention features the use of a double-stranded short 
interfering nucleic acid (siNA) molecule that inhibits expression of a gene, wherein one of 

IS the strands of the double-stranded siNA molecule is an antisense strand which comprises 
nucleotide sequence that is complementary to nucleotide sequence of a RNA or a portion 
thereof, flie other strand is a sense strand which comprises nucleotide sequence that is 
complementary to a nucleotide sequence of the antisense strand and wherein a majority of 
flie pyrimidine nucleotides present in the double-stranded siNA molecule comprises a 

20 sugar modification. 

In one embodiment, the invention features a short interfering nucleic acid (siNA) 
molecule comprising a double-stranded structure that down-regulates expression of a target 
nucleic acid, wherein the siNA molecule does not require a 2'-hydroxyl group containing 
ribonucleotide, each strand of the double-stranded structure of the siNA molecule 

25 comprises about 21 nucleotides and the siNA molecule comprises nucleotide sequence 
having complementarity to nucleotide sequence of the target nucleic acid or a portion 
thereof. The target nucleic acid can be an endogenous gene, an exogenous gene, a viral 
nucleic acid, or a RNA, such as a mammalian gene, plant gene, viral gene, fungal gene, 
bacterial gene, plant viral gene, or mammalian viral gene. Examples of mammalian viral 

30 gene include hepatitis C virus, human immunodeficiency virus, hepatitis B virus, herpes 
simplex virus, cytomegalovirus, human papilloma virus, respiratory syncytial virus, 
influenza virus, and severe acute respiratory syndrome virus (SARS). 
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In one embodiment, a siNA molecule of the invention comprises a sense region and 
an antisense region wherein the antisense region comprises the nucleotide sequence that is 
complementary to a nucleotide sequence or a portion thereof of the target nucleic acid and 
the sense region comprises a nucleotide sequence that is complementary to nucleotide 
5 sequence of the antisense region or a portion thereof. 

In one embodiment, a siNA molecule of the invention is assembled from two 
separate oligonucleotide fragments wherein one fragment comprises the sense region and 
the second fragment comprises ttie antisense region of Ae siNA molecule. The sense 
region can be connected to the antisense region via a linker molecule, such as a 
10 polynucleotide Imker or non-nucleotide linker. In another embodiment, each sense region 
and antisense region comprise about 21 nucleotides in length. In another embodiment, 
about 19 nucleotides of each fragment of flie siNA molecule are base-paired to the 
complementary nucleotides of the oflier fragment of the siNA molecule and at least two 3' 
terminal nucleotides of each fragment of the siNA molecule are not base-paired to the 
15 nucleotides of the other fragment of ttie siNA molecule. In anoflier embodiment, each of 
the two 3' tmninal nucleotides of each fragment of tiie siNA molecule are 
2*-deoxy-pyrimidines, such as fb& thymidine. In another embodiment, all 21 nucleotides of 
each fragment of the siNA molecule are base-paired to the complementary nucleotides of 
the other fragment of the siNA molecule. In another embodiment, about 19 nucleotides of 
20 flie antisense region of the siNA molecule are base-paired to the nucleotide sequence or a 
-portion thereof of the the target nucleic acid. In another embodiment, 21 nucleotides of the 
antisense region of the siNA molecule are base-paired to the nucleotide sequence or a 
portion thereof of the target nucleic acid. In another embodiment, the 5 '-end of the 
fragment comprising the antisense region optionally includes a phosphate group. 

25 In one embodiment, a siNA molecule of the invention comprises nucleotide sequence 

having complementarity to nucleotide sequence of RNA or a portion thereof encoded by 
die target nucleic acid or a portion thereof. 

In one embodiment, a siNA molecule of the invention comprises a sense region and 
an antisense region, wherein the pyrimidine nucleotides when present in the sense region 
30 are 2*-0-methyl pyrimidine nucleotides and wherein the purine nucleotides when present in 
the sense region are 2 -deoxy purine nucleotides. 



28 



MBHB 03-46S-E; (400/160) 

p c T / y s o N!- y JL e 3 o 

In one embodiment, a siNA molecule of Hie invention comprises a sense region and 
an antisense region, wherein the pyrimidine nucleotides when present in the sense region 
are 2'-deoxy-2*-fluoro pyrimidine nucleotides and wherein the purine nucleotides when 
present in the sense region are 2*-deoxy purine nucleotides. 

5 In one raibodiment, a siNA molecule of the invention comprises a sense region and 

an antisense region, wherein the sense region includes a terminal cap moiety at die S'-end, 
die 3'-end, or both of the 5' and 3' ends. The cap moiety can be an inverted deoxy abasic 
moiety, an inverted deoxy diymidine moiety, or a thymidine moiety. 

In one embodiment, a siNA molecule of the invention comprises a sense region and 
10 an antisense region, wherein the pyrimidine nucleotides when present in the antisense 
region are 2 -deoxy-2*-fluoro pyrimidine nucleotides and the purine nucleotides when 
present in the antisense region are 2 -Omethyl purine nucleotides. 

In one embodiment, a siNA molecule of the invention comprises a sense region and 
an antisense region, wherein the pyrimidine nucleotides vdien present in the antisense 
IS region are 2'-deoxy-2*-fluoro pyrimidine nucleotides and wherein the purine nucleotides 
when present in the antisense region comprise 2'-deoxy* purine nudeotides. 

In one embodiment, a siNA molecule of the invention comprises a sense region and 
an antisense region, wherein the antisense region comprises a phosphate backbone 
. modificationi at the 3' eiid of the antisense region. The phosphate backbone inodification 
20 can be a phosphorotiiioate. . 

In one embodiment, a siNA molecule of the invention comprises a sense region and 
an antisense region, wherein the antisense region comprises a glyceryl modification at the 
3' end of the antisense region. 

In one embodiment, a siNA molecule of the invention comprises a sense region and 
25 an antisense region, wherein each of sense and the antisense regions of the siNA molecule 
comprise about 21 nucleotides. 

In a non-limiting example, die introduction of chemically-modified nucleotides into 
nucldc acid molecules provides a powerful tool in overcoming potential limitations of in 
vivo stability and bioavailability inherent to native RNA molecules that are delivered 
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exogenously. For example, the use of chemically-modified nucleic acid molecules can 
enable a lower dose of a particular nucleic acid molecule for a given tfierapeutic effect since 
chemically-modified nucleic acid molecules tend to have a longer half-life in serum. 
Fur&ermore, certain chemical modifications can improve flie bioavailability of nucleic 
5 acid molecules by targeting particular cells or tissues and/or improving cellular uptake of 
the nucleic acid molecule. Therefore, even if the activity of a chemically-modified nucleic 
acid molecule is reduced as compared to a native nucleic acid molecule, for example, when 
coinpared to an all-RNA nucleic acid molecule, fixe overall activity of the modified nucleic 
acid molecule can be greater than fliat of the native molecule due to improved stability 
10 and/or delivery of flie molecule. Unlike native unmodified siNA, chemically-modified 
siNA-can also minimize the possibility of activating interferon activity in humans. 

In any of ttie embodiments of siNA molecules described herein, the antisense region 
of a siNA molecule of tiie invention can comprise a phosphorothioate intemucleotide 
linkage at the 3'-end of said antisense region. In any of tiie embodiments of siNA 

15 molecules described herein, the antisense region can comprise about one to about five 
phosphorothioate intemucleotide linkages at the 5*-end of said antisense region. In any of 
the embodiments of siNA molecules described herein, tiie 3-terminal nucleotide overhangs 
of a siNA molecule of the invention can comprise ribonucleotides or deoxyribonucleotides 
that are chemically-modified at a nucleic acid sugar, base, or backbone. In any of the 

20 embodiments of siNA molecules described herein, the 3'-tenninal nucleotide overhangs 
can comprise one or more universal base ribonucleotides. In any of the embodiments of 
siNA molecules described herein, tiie 3'-terminal nucleotide overhangs can comprise one 
or more acyclic nucleotides. 

One OTibodiment of the invention provides an expression vector comprising a nucleic 
25 acid sequence encoding at least one siNA molecule of the invention in a manner that allows 
expression of the nucleic acid molecule. Another embodiment of the invention provides a 
mammalian cell comprising such an expression vector. The mammalian cell can be a 
human cell. The siNA molecule of the expression vector can comprise a sense region and 
an antisense region. The antisense region can comprise sequence complementary to an 
30 RNA or DNA sequence encoding a protein or polypeptide and the sense region can 
comprise sequence complementary to the antisense region. The siNA molecule can 
comprise two distinct strands having complementary sense and antisense regions. The 
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siNA molecule can comprise a single strand having complementaty sense and antisense 
regions. 

In one embodiment, the invention features a chemically-modified short interfering 
nucleic acid (siNA) molecule capable of mediating RNA interference (RNAi) inside a cell 
5 or reconstituted in vitro system, wherein the chemical modification comprises one or more 
(e.g. , about 1 , 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) nucleotides comprising a backbone modified 
intemucleotide linkage having Formula I: 

Z 

II 

P R2 

W 

wherein each Ri and R2 is independently any nucleotide, non-nucleotide, or 
10 polynucleotide which can be naturally-occurring or chemically-modified, each X and Y is 
independently O, S, N, aDqrl, or substituted alkyU each Z and W is independently O, S, N, 
allqrl, substituted alkyl, O-alkyl, S-alkyl, alkaryl, or aralkyl, and wherein W, X, Y, and Z 
are optionally not all O. hi another embodiment, a backbone modification of the invention 
comprises a phosphonoacetate and/or thiophosphonoacetate intemucleotide hnkage (see 
15 for example Sheehan et al., 2003, Nucleic Acids Research, 31, 4109-4118). 

The chemically-modified intemucleotide linkages . having Fonnula I, for examjple, 
wherein any Z, W, X, and/or Y independentiy comprises a sulphur atom, can be present m 
one or both oligonucleotide strands of flie siNA duplex, for example, in the sense strand, 
tiie antisense strand, or both strands. The siNA molecules of the invention can comprise 

20 one or more (e,g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) chemically-modified 
intemucleotide linkages having Formula I at the 3 -end, the 5'-end, or both of the 3' and 
5*-ends of the sense strand, the antisense strand, or both strands. For example, an 
exemplary siNA molecule of the invention can comprise about 1 to about 5 or more (eg., 
about 1 , 2, 3, 4, 5, or more) chemically-modified intemucleotide linkages having Formula I 

25 at the 5*-end of the sense strand, the antisense strand, or both strands. In another 
non-limiting example, an exemplary siNA molecule of the invention can comprise one or 
more (e.^., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) pyrimidine nucleotides with 
chemically-modified intemucleotide linkages having Fonnula I in tiie sense strand, the 
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antisense strand, or botfi strands. In yet another non-limiting example, an exemplary siNA 
molecule of the invention can comprise one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
or more) purine nucleotides wifli chemically-modified intemucleotide linkages having 
Formula I in the sense strand, the antisense strand, or both strands. In another CTibodimmt, 
5 a siNA molecule of the invention having intemucleotide linkage(s) of Formula I also 
comprises a chemically-modified nucleotide or non-nucleotide having any of Formulae 

i-vn. 

In one embodiment, the invention features a chemically-modified short interfering 
nucleic acid (siNA) molecule capable of mediating RNA interference (RNAi) inside a cell 
10 or reconstituted in vitro system, wherein the chemical modification comprises one or more 
(eg., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) nucleotides or non-nucleotides having 
Formula 11: 



B 




wherein each R3, R4, Rs, R6, R7, Rs, Rio, Ru and R12 is independently H, OH, alkyi, 
15 substituted allgrl, alkaryl or aralkyl, F, CI, Br, CN, CF3, OCF3, 0C:N, O-alkyl, S-alkyl, 
N-alkyl,.0-alkenyl, S-alkenyl, N-alkenyl, SO-alkyl, alkyl-OSH, alkyl-OH, O-alkyl-OH, 
O-alkyl-SH, S-alkyl-OH, S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, ONO2, NO2, N3, NH2, 
aminoalkyl, aminoacid, aminoacyl, ONH2, O-aminoalkyl, O-aminoacid, O-aminoacyl, 
heterocycloalkyl, heterocycloalkaryl, aminoalkylamino, polyalMylamino, substituted silyl, 
20 or group having Formula I or H; R9 is O, S, CH2, S=0, CHF, or CF2, and B is a nucleosidic 
base such as adenine, guanine, uracil, cytosine, thymine, 2-aminoadenosine, 
5-methylcytosine, 2,6-diaminopurine, or any other non-naturally occurring base that can be 
complementaiy or non-complementary to target RNA or a non-nucleosidic base such as 
phenyl, naphthyl, 3-nitropyrrole, 5-nitroindole, nebularine, pyridone, pyridinone, or any 
25 other non-naturally occurring universal base that can be complementary or 
non-complementary to target RNA. 
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The chemically-modified nucleotide or non-nucleotide of Fonnula n can be present 
in one or botfi oligonucleotide strands of the siNA duplex, for example in ttie sense strand^ 
the antisense strand, or both strands. The siNA molecules of the invention can comprise 
one or more chemically-modified xiucleotide or non-nucleotide of Formula U at the 3*-end, 
5 the 5'-end, or both of the 3' and S'-ends of the sense strand, the antisense strand, or both 
strands. For example, an exemplary siNA molecule of the invention can comprise about 1 
to about 5 or more (eg;, about 1, 2, 3, 4, 5, or more) chemically-modified nucleotides or 
non-nucleotides of Formula n at the S*-end of ttie sense strand, ttie antisense strand, or both 
strands. In anther non-limiting example, an exemplary siNA molecule of the invention can 
10 comprise about 1 to about 5 or more (e.g., about 1, 2, 3, 4, 5, or more) chemically-modified 
nucleotides or non-nucleotides of Fonnula n at the 3'-end of the sense strand, the antisense 
strand, or both strands. 

In one embodiment, the invention features a chemically-modified short interfering 
nucleic acid (siNA) molecule capable of mediating RNA interference (RNAi) inside a cell 
15 or reconstituted in vitro system, wherein the chemical modification comprises one or more 
(e.g.y about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) nucleotides or non-nucleotides having 
Formula III: 



Rio 




Rs R3 



wherein each R3, R4, R5, R6» R?, Rs, Rio, Rn and Ru is independently H, OH, alkyl, 
20 substituted alkyl, alkaryl or aralkyl, F, CI, Br, CN, CF3, OCF3, OCN, O-alkyl, S-alkyl, 
N-alkyl, O-alkenyl, S-alkenyl, N-alkenyl, SO-alkyl, alkyl-OSH, alkyl-OH, O-alkyl-OH, 
O-alkyl-SH, S-alkyl-OH, S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, ONO2, NO2, N3, NH2, 
aminoalkyl, aminoacid, aminoacyl, ONH2, O-aminoalkyl, O-aminoacid, O-aminoacyl, 
heterocycloalkyl, heterocycloalkaryl, aminoalkylamino, polyalklylamino, substituted silyl, 
25 or group having Formula I or 11; R9 is O, S, CH2, S=0, CHF, or CF2, and B is a nucleosidic 
base such as adenine, guanine, uracil, cytosine, thymine, 2-aminoadenosine, 
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S-inefliylcytosine» 2,6-diaininopuriiie, or any other non-natuially occurring base that can be 
employed to be complementary or non-complementary to target RNA or a non-nucleosidic 
base such as phenyl, naphthyl, S-nitropyrrole, 5-nitroindole, nebularine, pyridone, 
pyridinone» or any other non-naturally occurring universal base fliat can be complementaiy 
5 or non-complementaiy to target RNA. 

The chemically-modified nucleotide or non-nucleotide of Formula m can be present 
in one or hoih oligonucleotide strands of the siNA duplex, for example, in ttie sense strand, 
the antisense strand, or both strands. The siNA molecules of the invention can comprise 
one or more chemically*modified nucleotide or non-nucleotide of Formula m at the 3*-end, 

10 the S*-end, or both of the 3' and 5*-ends of the sense strand, the antisense strand, or both 
strands. For example, an exemplary siNA molecule of the invention can comprise about 1 
to about S or more (e.^., about 1, 2, 3, 4, 5, or more) chemically-modified nucleotide(s) or 
non-nucleotide(s) of Foimula m at tiie S'-end of the sense strand, the antisense strand, or 
both strands. In anther non-limiting example, an exemplary siNA molecule of the 

IS invention can comprise about 1 to about S or more about 1, 2, 3, 4, 5, or more) 
chemically-modified nucleotide or non-nucleotide of Formula m at the 3*-end of the SCTse 
strand, the antisense strand, or both strands. 

In another embodiment, a siNA molecule of the invention comprises a nucleotide 
having Formula n or m, wherein the nucleotide having Formula n or m is in an inverted 
20 configuration. For example, the nucleotide having Fomiula n or m is connected to the 
siNA construct in a 3-3', 3-2', 2-3', or 5-5* configuration, such as at the 3'-end, the 5-end, 
or both of the 3* and S'-ends of one or both siNA strands. 

In one embodiment, the invention features a chemically-modified short interfering 
nucleic acid (siNA) molecule capable of mediating RNA interference (RNAi) inside a cell 
25 or reconstituted in vitro system, wherein the chemical modification comprises a S'-terminal 
phosphate group having Formula IV: 

Z 

II 



w 
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wherein each X and Y is independently O, S, N, alkyl, substituted allqrl, or alkylhalo; 
wherein each Z and W is independently 6, S, N, alkyl, substituted alkyl, O-alkyl, S-alkyl, 
alkaryl, aralkyl, or alkylhalo or acetyl; and/or wherein W, X, Y and Z aie not all O. 

In one embodiment, ihe invention features a siNA molecule having a 5-terminal 
5 phosphate group having Fonnula IV on the taxget-complementaiy strand, for example, a 
strand complementary to a target RNA, wherein the siNA molecule comprises an all RNA 
siNA molecule. In another embodiment, the invention features a siNA molecule having a 
S'-terminal phosphate group having Formula IV on the tar^t-complementaty strand 
wherem flie siNA molecule also comprises about 1 to about 3 (e.g., about 1, 2, or 3) 
.10 nucleotide 3 -terminal nucleotide overhangs having about 1 to about 4 (e.g:, about 1, 2, 3, or 
4) deoxyribonucleotides on flie 3'-end of one or both strands. In another embodiment, a 
S'-terminal phosphate group having Formula IV is present on the target-complementary 
strand of a siNA molecule of the invention, for example a siNA molecule having chemical 
modifications having any of Formulae I-Vn. 

15 In one embodiment, the invention features a chemically-modified short interfering 

nucleic acid (siNA) molecule capable of mediating RNA interference (RNAi) inside a cell 
or reconstituted in vitro system, wherein the chemical modification comprises one or more 
phosphorothioate, phosphonoacetate, and/or thiophosphonoacetate intemucleotide 
linkages. For example, in a non-limiting example, the invention features a 

20 chemicalty-modified short interfering nucleic acid (siNA) having about 1, 2, 3, 4, 5, 6, 7, 8 
or more phosphorothioate intemucleotide linkages in one siNA strand. In yet another 
embodiment, the invention features a chemicaBy-modified short interfering nucleic acid 
(siNA) individually havmg about 1, 2, 3, 4, 5, 6, 7, 8 or more phosphorofliioate 
intemucleotide linkages in both siT^A strands. The phosphorothioate intemucleotide 

25 linkages can be present in one or both oligonucleotide strands of the siNA duplex, for 
example in the sense strand, the antisense strand, or both strands. The siNA molecules of 
the invention can comprise one or more phosphorothioate, phosphonoacetate, and/or 
thiophosphonoacetate intemucleotide linkages at the 3*-end, the 5'-end, or botfi of the 3 - 
and S*-ends of tiie sense strand, the antisense strand, or botii strands. For example, an 

30 exemplary siNA molecule of the invention can comprise about 1 to about 5 or more (e.g., 
about 1, 2, 3, 4, 5, or more) consecutive phosphorothioate intemucleotide linkages at the 
5'-end of flie sense strand, the antisense strand, or both strands. In another non-limiting 
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example, an exemplary siNA molecule of the invention can comprise one or more (e.g:, 
about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) pyrimidine phosphorotfaioate intemucleotide 
linkages in the sense strand, the antisense strand, or both strands. In yet another 
non-limiting example, an exemplary siNA molecule of the invention can comprise one or 
5 more (e.y., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) purine phosphorotiiioate 
intemucleotide linkages in the sense strand, the antisense strand, or both strands. 

In one embodiment, the invention features a siNA molecule, wherein the sense strand 
* comprises one or more, for example, about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more 
phosphorothioate intemucleotide linkages, and/or one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 

10 8, 9, 1 0 or more) 2'-deoxy, 2'-0-methyl, 2'-deDxy-2'-fluoro, and/or about one or more {e.g. , 
about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) xmiversal base modified nucleotides, and 
optionally a terminal cap molecule at the 3'-end, the 5'-end, or both of the 3*- and S'-ends of 
the sense strand; and wherein the antisense strand comprises about 1 to about 10 or more, 
specifically about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more phosphorothioate intemucleotide 

15 linkages, and/or one or more (eg., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) 2'-deoxy, 
2'-0-methyl, 2*-deoxy-2'-fluoro, and/or one or more (eg. , about 1 , 2, 3, 4, 5, 6, 7, 8, 9, 1 0 or 
more) imiversal base modified nucleotides, and optionally a terminal cap molecule at flie 
3'-end, the 5'-end, or both of the 3 - and 5'-ends of the antisense strand. In another 
embodiment, one or more, for example about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more, pyrimidine 

20 nucleotides of the sense and/or antisense siNA strand are chemically-modified with 
2'-deoxy, 2'-0-methyl and/or 2-deoxy-2'-fluoro nucleotides, wifli or without one or more, 
for example about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more, phosphorothioate intemucleotide 
. linkages and/or a terminal cap molecule at tiie 3'-end, the S'-end, or both of the 3 - and 
5'-mds, being present in the same or different strand. 

25 In another embodiment, the invention features a siNA molecule, wherein the sense 

strand comprises about 1 to about 5, specifically about 1, 2, 3, 4, or 5 phosphorothioate 
intemucleotide linkages, and/or one or more (eg., about 1, 2, 3, 4, 5, or more) 2*-deoxy, 
2'-0-methyl, 2'-deoxy-2'-fluoro, and/or one or more (eg., about 1, 2, 3, 4, 5, or more) 
universal base modified nucleotides, and optionally a terminal cap molecule at the 3-end, 

30 the 5*-end, or both of the 3'- and 5 -ends of the sense strand; and wherein the antisense 
strand comprises about 1 to about 5 or more, specifically about 1,2, 3, 4, 5, or more 
phosphorothioate intemucleotide linkages, and/or one or more (eg. , about 1 , 2, 3, 4, 5, 6, 7, 
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8, 9, 1 0 or more) T-d&oxy, 2'-0-me1iiyl, y-deoxy-2'-fluoro, and/or one or more (e.g., about 
U 2, 3, 4, 5, 6, 7, 8, 9, 10 or moie) universal base modified nucleotides, and optionally a 
tenninal cap molecule at the 3'-end, the 5'-end, or botfi of the 3'- and S*-ends of the antisense 
strand. In another embodiment, one or more, for example about 1 , 2, 3, 4, 5, .6, 7, 8, 9, 1 0, 
5 or more, pyrimidine nucleotides of flie sense and/or antisense siNA strand are 
chemically-modified with 2'-deoxy, 2'-0-meti[iyl and/or 2*-deoxy-2'-fluoro nucleotides, 
with or without about 1 to about 5 or more, for example about I, 2, 3, 4, 5, or more 
phosphoiothioate intemucleotide linkages and/or a terminal cap molecule at tiie 3'-end, the 
S'-end, or both of the 3*- and S*-ends, being present in the same or different strand 

10 In one embodiment, the invention features a siNA molecule, wherein the antisense 

strand comprises one or more, for example, about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more 
phosphorothioate intemucleotide linkages, and/or about one or more (e.g;, about 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10 or more) 2'-deoxy, 2*-0-methyl, 2*-deoxy-2'-fluoro, and/or one or more (e.g., 
about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) universal base modified nucleotides, and 

1 5 optionally a terminal cap molecule at the 3'-end, the 5 -end, or both of the 3 - and 5'-ends of 
the sense strand; and wherein the antisense strand comprises about 1 to about 10 or more, 
specifically about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more phosphorothioate intemucleotide 
linkages, and/or one or more {e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) 2'-deoxy, 
2'-0-methyl, 2'-deoxy-2'-fluoro, and/or one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or 

20 more) universal base modified nucleotides, and optionally a terminal cap molecule at the . . . 
3'-end, the S'-end, or both of the 3'- and S'-ends of the antisense strand. In another 
embodiment, one or more, for example about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more pyrimidine 
nucleotides of the sense and/or antisense siNA strand are chemically-modified witii 
2*-deoxy, 2'-0-methyl and/or 2 -deoxy-2 -fluoro nucleotides, wifli or without one or more, 

25 for example, about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more phosphorothioate intemucleotide 
linkages and/or a temiinal cap molecule at the 3'-end, the 5'-end, or both of the 3* and 
5'-ends, being present in the same or different strand. 

In another embodiment, the invention features a siNA molecule, wherein tiie 
antisense strand comprises about 1 to about 5 or more, specifically about 1, 2, 3, 4, 5 or 
30 more phosphorothioate intemucleotide linkages, and/or one or more ie,g, about 1 , 2, 3, 4, 5, 
6, 7, 8, 9, 10 or more) 2*-deoxy, 2*-0-methyl, 2*-deoxy-2*-fluoro, and/or one or more (e.g,, 
about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) universal base modified nucleotides, and 
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optionally a tenninal cap molecule at tiie 3'-end, the S'-end, or both of the 3 - and S -ends of 
the sense strand; and wheiem the antisense strand conoiprises about 1 to about 5 or more, 
specifically about 1» 2, 3, 4» S or more phosphorothioate mtemucleotide luikages, and/or 
one or more (eg., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) 2'-deoxy» 2'-0-melhyl, 
5 2*-deoxy-2'-fluoro, and/or one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) 
universal base modified nucleotides, and optionally a terminal cap molecule at the 3'-end» 
tiie S*-end, or both of the 3*- and S'-ends of tiie antisense strand. In anoth^ ^bodiment, 
one or moie» for example about 1,2, 3,4, S, 6, 7, 8, 9, 10 or more pyrimidine nucleotides of 
the sense and/or antisense siNA strand are chemically-modified with 2*-deoxy, 2 -O-methyl 
10 and/or 2'-deoxy-2*fluoro nucleotides, with or without about 1 to about 5, for example 
about 1, 2» 3, 4, 5 or more phosphoiothioate intemucleotide linkages and/or a tenninal cap 
molecule at the 3*-end, the S'-end, or both of the 3*- and S*-ends, being present in the same or 
different strand. 

In one embodiment, the invention features a chraiically-modified short interfering 
IS nucleic acid (siNA) molecule having about 1 to about 5, specifically about 1, 2, 3, 4, 5 or 
more phosphorothioate intemucleotide linkages in each strand of the siNA molecule. 

In another embodiment, the invention features a siNA molecule comprising 2-5' 
intemucleotide linkages. The 2-5' intemucleotide linkage(s) can be at the 3*-end, the 5*-end, 
or both of the 3 - and 5 -ends of one or both siNA sequence strands. In addition, the 2-5' 
.20 intemucleotide linkage(s) can be present at various other positions within one or both siNA • 
sequence strands, for example, about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more including every 
intemucleotide linkage of a pyrimidine nucleotide in one or both strands of the siNA 
molecule can comprise a 2-5' intemucleotide linkage, or about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 
more including every intemucleotide linkage of a purine nucleotide in one or both strands 
25 of the siNA molecule can comprise a 2'-5' intemucleotide linkage. 

In another embodiment, a chemically-modified siNA molecule of the invention 
comprises a duplex having two strands, one or both of which can be chemically-modified, 
wherein each strand is about 18 to about 27 (e.g., about 18, 19, 20, 21, 22, 23, 24, 25, 26, or 
27) nucleotides in length, wherein the duplex has about 18 to about 23 (e.g., about 18, 19, 
30 20, 21, 22, or 23) base pairs, and wherein flie chemical modification comprises a structure 
having any of Formulae I-Vn. For example, an exemplary chemically-modified siNA 
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molecule of the invention comprises a duplex having two strands, one or both of which can 
be chemically-modified with a chemical modification having any of Formulae I-Vn or any 
combination thereof, wherein each strand consists of about 21 nucleotides, each having a 
2-nucleotide 3*-terminal nucleotide overhang, and wherein the duplex has about 19 base 
5 pairs. In another embodiment, a siNA molecule of the invention comprises a single 
stranded hairpin stmcture, wherein the siNA is about 36 to about 70 (eg;, about 36, 40, 45, 
SO, 55, 60, 65, or 70) nucleotides in length having about 18 to about 23 (e.g., about 18, 19, 
20, 21, 22, or 23) base pairs, and wherein flie siNA can include a chemical modification 
comprising a structure having any of Formulae I-Vn or any combination thereof. For 
10 example, an exemplary chemically-modified siNA molecule of the invention comprises a 
linear oligonucleotide having about 42 to about 50 (e.g. , about 42» 43, 44, 45, 46, 47, 48, 49, 
or 50) nucleotides that is chemically-modified with a chemical modification having any of 
Formulae I-VII or any combination thereof, wherein the linear oligonucleotide forms a 
hairpin structure having about 19 base pairs and a 2-nucleotide 3 '-terminal nucleotide 
15 overhang. In another embodiment, a linear hairpin siNA molecule of the invention 
contains a stem loop motif, wherein the loop portion of the siNA molecule is biodegradable. 
For example, a linear hairpin siNA molecule of the invention is designed such that 
degradation of tihe loop portion of the siNA molecule in vivo can generate a 
double-stranded siNA molecule with 3 -terminal overhangs, such as 3 -terminal nucleotide 
20 overhangs comprising about 2 nucleotides. 

In another embodiment, a siNA molecule of the' invention comprises a hairpiii 
stmcture, wherein the siNA is about 25 to about 50 about 25, 26, 27, 28, 29, 30, 31, 32, 
33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50) nucleotides in lengfli 
having about 3 to about 25 (ag., about 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
.25 20, 21, 22, 23, 24, or 25) base pairs, and wherein tfie siNA can include one or more 
chemical modifications comprising a structure having any of Formulae I-Vn or any 
combination thereof. For example, an exemplary chemically-modified siNA molecule of 
die invention comprises a linear oligonucleotide having about 25 to about 35 (eg., about 25, 
26, 27, 28, 29, 30, 3 1 , 32, 33, 34, or 35) nucleotides that is chemically-modified wifli one or 
30 more chemical modifications having any of Formulae I-VII or any combination thereof, 
wherein the linear oligonucleotide forms a hairpin structure having about 3 to about 23 (e.g:, 
about 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 2 1,22, or 23) base pairs and 
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a 5'-tenniiml phosphate group that can be chcanically modified as described herem (for 
example a 5'-tennmat phosphate group having Formula IV). In another embodiment, a 
linear hairpin siNA molecule of the invention contains a stem loop motif, wherein flie loop 
portion of the siNA molecule is biodegradable. In another embodiment, a linear hairpin 
5 siNA molecule of the invention comprises a loop portion comprismg a non-nudeotide 
liiiker. 

In another embodiment, a siNA molecule of the invention comprises an asymmetric 
hairpin structure, wherein the siNA is about 25 to about 50 (e.g., about 25, 26, 27, 28, 29, 
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50) 
10 nucleotidesinlengthhavingabout3 toabout20(e.g.,about3,4,5,6,7,8,9,10, 11, 12,13, 
14, 15, 16, 17, 18, 19, or 20) base pairs, and wherein the siNA can include one or more 
chemical modifications comprising a structure having any of Formulae I-Vn or any 
combination thereof For example, an exemplary chemically-modified siNA molecule of 
^ the invention comprises a linear oligonucleotide having about 25 to about 35 (e.g., about 25, 
1 5 26, 27, 28, 29, 30, 3 1 , 32, 33, 34, or 35) nucleotides that is chemically-modified with one or 
more chemical modifications having any of Formulae I-VII or any combination thereof, 
wherein the linear oligonucleotide forms an asymmetric hairpin structure having about 3 to 
about 18 (e.g., about 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, or 18) base pairs and a 
5'-terminal phosphate group that can be chemically modified as described herein (for 
20 example a 5 -terminal phosphate group having Formula IV). In another em|bodiment, an 
asymmetric hairpin siNA molecule of the invention contains a stem loop motif, wherein the 
loop portion of the siNA molecule is biodegradable. In another embodiment,, an 
asymmetric hairpin siNA molecule of the invention comprises a loop portion comprising a 
non-nucleotide linker. 

2^ In another embodiment, a siNA molecule of the invention comprises an asymmetric 

double stranded structure having separate polynucleotide strands comprising sense and 
antisense regions, wherein the antisense region is about 16 to about 25 (e.g., about 16, 17, 
18, 19, 20, 21, 22, 23, 24, or 25) nucleotides in length, wherein the sense region is about 3 
to about 18 (e.g., about 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, or 18) nucleotides in 

30 length, wherein the sense region the antisense region have at least 3 complementary 
nucleotides, and wherein the siNA can include one or more chemical modifications 
comprising a stmcture having any of Formulae I-VII or any combination thereof. For 
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example, an exemplary chemically-modified siNA molecule of the invention comprises an 
asymmetric double stzanded stractuie having separate polynucleotide strands comprising 
sense and antisense regions, wherein the antisense region is about 18 to about 22 (e.gr., 
about 18, 19, 20, 21, or 22) nucleotides in lengOi and wherein the sense region is about 3 to 

5 about 15 (eg., about 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15) nucleotides in length, 
wherein the sense re^on the antisense region have at least 3 complementary nucleotides, 
and wherein fee siNA can include one or mote chemical modifications comprising a 
structure having any of Formulae I-Vn or any combination thereof. In another 
embodiment, flie asymmetic double stranded siNA molecule can also have a 5'-terminal 

10 phosphate group that can be chemically modified as described herem (for example a 
5 -terminal phosphate group having Formula IV). 

In another embodiment, a siNA molecule of the invention comprises a circular 
nucleic acid molecule, wherein the siNA is about 38 to about 70 (e.g., about 38, 40, 45, 50, 
55, 60, 65, or 70) nucleotides in length having about 18 to about 23 (e.g., about 17, 18, 19, 

15 20, 2 1 , 22, 23 or 24) base pairs, and whrarein the siNA can include a chemical modification, 
which comprises a structure having any of Formulae I-Vn or any combination thereof. For 
example, an exemplary chemically-modified siNA molecule of Ae invention comprises a 
circular oligonucleotide havmg about 42 to about 50 (e.g:, about 42, 43, 44, 45, 46, 47, 48, 
49, or 50) nucleotides that is chemically-modified with a chemical modification having any 

20 of Formulae I-Vn or any combination fhexeof, wherein the circular oligonucleotide forms a 
dumbbell shaped structure having about 19 base pairs and 2 loops. 

In another embodiment, a circular siNA molecule of the invention contains two loop 
motifs, wherein one or bofli loop portions of the siNA molecule is biodegradable. For 
example, a circular siNA molecule of the invention is designed such that degradation of the 
25 loop portions of the siNA molecule in vivo can generate a double-stranded siNA molecule 
with 3*-tenninal overhangs, such as 3*-terminal nucleotide overhangs comprising about 2 
nucleotides. 

In one embodiment, a siNA molecule of the invention comprises at least one 
about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) abasic moiety, for example a compound having 
30 Formula V: 
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wherein each R3, R4, Rs, Re, R7, Rs, Rio, Rii, R12, and R13 is independently H, OH, alkyl, 
substituted alkyl, alkaiyl or aralkyl, F, CI, Br, CN, CF3, OCF3. OCN, O-alkyl, S-alkyl, 
N-alkyl, O-alkenyl, S-alkenyl, N-alkeiiyl, SO-alkyl, alkyl-OSH, alkyl-OH, O-alkyl-OH, 
5 O-alkyl-SH, S-alkyl-OH, S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, ONO2, NO2, N3, NH2, 
aminoallcyl, aminoacid, aminoacyl, ONIfc, O-aminoalkyl, O-aminoacid, O-aminoaeyl, 
hetexocycloallgrl, heteiocycloalkaiyl, aminoalkylamino, potyalUylamino, substituted silyl, 
or group having Formula I or H; R9 is O, S, CH2, SO, CHF, or CF2. 

In one embodiment, a siNA molecule of the invention comprises at least one (e.g., 
10 about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) inverted abasic moiety, for example a compound 
having Formula VI: 




wherein each R3, R4, Rs, R«, R?. R«, Rio, Rn, R12. and R13 is independently H, OH, alkyl, 
substituted alkyl, alkaryl or aralkyl, F, CI, Br, CN, CF3, OCF3, OCN, O-alkyl, S-alkyl, 
15 N-allgrl, O-alkenyl, S-alfcraQrl, N-alkenyl, SO-alkyl, alkyl-OSH, alkyl-OH, O-alkyl-OH, 
O-alkyl-SH, S-alkyl-OH. S-alkyl-SH, alkyl-S-aBcyl, alkyl-O-alkyl, ONO2, NO2, N3, NH2, 
aminoalkyl, aminoacid, aminoacyl, ONH2, O-aminoalkyl, O-aminoacid, O-aminoacyl, 
heterocycloalkyU hetenxrjrcloalkaryl, aminc»lkylamino, polyalklylamino, substituted silyl. 
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or group having Fonnula I or H; R9 is O, S, CH2, S=0, CHF, or CF2, and either R3, R5, Rs or 
R]3 serve as points of attiachment to the siNA molecule of the invention. 

In another embodiment, a siNA molecule of the invention comprises at least one 
about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) substituted polyalkyl moieties, for example a 
5 compound having Formula VII: 



n Ra 




wherein each n is independentiy an integer from 1 to 12, each Ri, R2 and R3 is 
independentty H, OH, alkyl, substituted aliyl, alkaiyl or aralkyl, F, a, Br, CN, CF3, OCF3, 
OCN, Oalkyl, S-allqrl, N-alkyl, O-alkenyl, S-alkenyl, N-alkenyl, SO-alkyl, aUcyl-OSH, 
10 alkyl-OH, O-alkyl-OH, O-alkyl-SH, S-alkyl-OH, S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, 
ONO2, NO2, N3, NH2, aminoalkyl, aminoacid, aminoacyl, ONH2, O-aminoalkyl, 
O-aminoacid, O-aminoacyl, heterocycloalkyl, heterocycloalkaiyl, aminoallg^lamino, 
polyalklylamino, substituted silyl, or a group having Formula I, and Ri, R2 or R3 serves as 
points of attachment to the siNA molecule of the invention. 

15 In another embodiment, the invention features a compound having Formula VII, 

wherein Ri and R2 are hydroxyl (OH) groups, n = 1 , and R3 comprises O and is the point of 
attachment to tfie 3*-end, the 5*-end, or botii of the 3' and 5'-ends of one or both strands of a 
double-stranded siNA molecule of the invention or to a smgle-stranded siNA molecule of 
ttie invention. This modification is referred to herem as "glyceryl" (for CTrample 

20 modification 6 in Figure 22). 

In anotiier embodiment, a moiety having any of Formula V, VI or VH of the 
invention is at ttie 3'-end, the 5'-end, or both of the 3' and 5'-ends of a siNA molecule of the 
inventioiL For example, a moiety having Formula V, VI or VII can be present at the 3*-end, 
the 5'-end, or both of the 3' and 5'-ends of the antisense strand, the sense strand, or both 
25 antisense and sense strands of the siNA molecule. In addition, a moiety liaving Formula 
Vn can be present at the 3*-end or the 5'-end of a hairpin siNA molecule as described 
herein. 
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In another embodiment, a siNA molecule of the invention comprises an abasic 
residue having Formula V or VI, wherein the abasic residue having Formula V or VI is 
connected to ttie siNA construct in a 3-3*, 3-2', 2-3', or 5-5' configuration, such as at the 
3'-end, the 5*-end, or both of the 3* and S'-ends of one or both siNA strands. 

5 In one embodiment, a siNA molecule of flie invention comprises one or more ie.g,, 

about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) locked nucleic acid (LNA) nucleotides, for 
example at tilie 5'-end, the 3 -end, both of the 5* and 3'-ends, or any combination thereof, of 
the siNA molecule. 

In another embodiment, a siNA molecule of the invention comprises one or more 
10 (eg;, about 1,2, 3, 4, 5, 6, 7, 8, 9, 10, ormore) acyclic nucleotides, for example at the 5'-end, 
the 3'-end, both of the 5* and 3'-ends, or any combination thereof, of the siNA molecule. 

In one embodiment, the sense strand of a double stranded siNA molecule of the 
invention comprises a terminal cap moiety, (see for exanqple Figure 22) such as an inverted 
deoxyabasic moiety or inverted nucleotide, at the 3*-end, 5*-CTd, or both 3* and 5'-end5 of 
15 the sens^ strand. 

In one embodiment, the invention features a chemically-modified short interfering 
nucleic acid (siNA) molecule of the invention, wherein the chemically-modified siNA 
comprises a sense region, where any ie,g., one or more or all) pyrimidine nucleotides 
present in the sense region are 2*-deoxy-2 -fluoro pyrimidine nucleotides (e^., wherein all 
20 pyrimidine nucleotides are 2 -deoxy-2 -fluoro pyrimidine nucleotides or alternately a 
plurality of pyrimidine nucleotides are 2*-deoxy-2 -fluoro pyrimidine nucleotides), and 
where any (e.g., one or more or all) purine nucleotides present in the sense region are 
2'-deoxy purine nucleotides (e.g^., wherein all purine nucleotides are 2-deoxy purine 
nucleotides or alternately a plurality of purine nucleotides are 2-deoxy purine nucleotides). 

25 In one embodiment, the invention features a chemically-modified short int^ering 

nucleic acid (siNA) molecule of the invention, wherein the chemically-modified siNA 
comprises a sense region, where any ie.g„ one or more or all) pyrimidine nucleotides 
present in flie sense region are 2"-deoxy-2 -fluoro pyrimidine nucleotides (e.g., wherein all 
pyrimidine nucleotides are 2'-deoxy-2*-fluoro pyrimidine nucleotides or alternately a 
30 plurality of pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine nucleotides), and 
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where any (e.g., one or more or all) purine nucleotides present in the sense region are 
2**deoxy purine nucleotides ie,g., wherein all purine nucleotides are 2'-deoxy purine 
nucleotides or alternately a plurality of purine nucleotides are 2'-deoxy purine nucleotides), 
wherein any nucleotides comprising a 3 -terminal nucleotide overhang that are present in 
5 said sense region are 2*-deoxy nucleotides. 

In one embodiment, the invention features a chemically-modified short interfering 
nucleic acid (siNA) molecule of the invention, wherein the chemically-modified siNA 
(comprises a sense region, where any (e,g., one or more or all) pyrimidine nucleotides 
present in the sense region are 2 -deoxy-2 -fluoro pyrimidine nucleotides (e.g., wherein all 
10 pyrimidine nucleotides are 2'-deoxy-2-fluoro pyrimidine nucleotides or altemately a 
plurality of pyrimidine nucleotides are 2 -deoxy-2 -fluoro pyrimidine nucleotides), and 
where any (eg., one or more or all) purine nucleotides present in the sense region are 
2 -O-methyl purine nucleotides (e.g., wherein aU purine nucleotides are 2 -O-methyl purine 
nucleotides or altemately a plurality of purine nucleotides are 2'-0-methyl purine 
IS nucleotides). 

In one embodiment, the invention features a chemically-modified short iuterfering 
nucleic acid (siNA) molecule of the invention, wherein the chemically-modified siNA 
comprises a sense region, where any (e.g., one or more or all) pyrimidine nucleotides 
present in the sense region are 2'-deoxy-2*-fluoro pyrimidine nucleotides (e.g., wherein all 
20 * pyrimidine nucleotides are 2*-deo?^-2'-fluoro pyrimidine nucleotides or altemately a 
plurality of pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine nucleotides), and 
where any (e.g., one or more or all) purine nucleotides present in the sense region are . 
2'-0-mefhyl purine nucleotides (eg:, wherein all purine nucleotides are 2*-0-methyl purine 
nucleotides or altemately a plurality of purine nucleotides are 2'-0-methyl purine 
25 nucleotides), wherein any nucleotides comprising a 3 -terminal nucleotide overhang that 
are present in said sense region are 2'-deoxy nucleotides. 

In one embodiment, tiie invention features a chemically-modified short interfering 
nucleic acid (siNA) molecule of the invention, wherein tiie chemically-modified siNA 
comprises an antisense region, where any (eg., one or more or all) pyrimidine nucleotides 
30 present in the antisense region are 2'-deo7cy-2'-fluoro pyrimidine nucleotides (eg., wherein 
all pyrimidine nucleotides are 2 -deoxy-2'-fluoro pyrimidine nucleotides or altemately a 
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plurality of pyrimidine nucleotides are 2'-deoxy-2*-fluoTO pyrimidine nucleotides), and 
wherein any (eg., one or more or all) purine nucleotides present in the antisense region are 
2'-0-niethyl purine nucleotides (e.g.^ wherein all purine nucleotides are 2*-0-mefliyl purine 
nucleotides or alternately a plurality of purine nucleotides are 2*-0-methyl purine 
5 nucleotides). 

In one embodiment, the invention features a chemically-modified short interfering 
nucleic acid (siNA) molecule of the invention, wherein the chemically-modified siNA 
"comprises an antisense region, where any (e.g,, one or more or all) pyrimidine nucleotides 
present in the antisense region are 2'-deoxy-2-fluoro pyrimidine nucleotides (e.g.y wherein 

10 all pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine nucleotides or alternately a 
plurality of pyrimidine nucleotides are 2'-deoxy-2*-fluoro pyrimidine nucleotides), and 
wherein any (eg., one or more or all) purine nucleotides present in the antisense region are 
2*-0-methyl purine nucleotides (e.g., wherein all purine nucleotides are 2'-0-methyl purine 
nucleotides or alternately a plurality of purine nucleotides are 2'-0-methyl purine 

15 nucleotides), wherein any nucleotides comprising a 3 -terminal nucleotide overhang that 
are present in said antisense region are 2 -deoxy nucleotides. 

In one embodiment, the invention features a chemically-modified short interfering 
nucleic acid (siNA) molecule of the invention, wherein the chemically-modified siNA 
comprises an antisense region, where any (eg., one or more or all) pyrimidine nucleotides 
- 20 present in the antisense region are 2'-deoxy-2'-ftuoro pyrimidine nucleotides (eg. , wherein 
all pyrimidine nucleotides are 2*-deoxy-2'-fluoro pyrimidine nucleotides or altemately a 
plurality of pyrimidine nucleotides are 2*-deoxy-2 -fluoro pyrimidine nucleotides), and 
where any (eg., one or more or all) purine nucleotides present in the antisense region are 
2'-deoxy purine nucleotides (eg., wherein all purine nucleotides are 2'-deoxy purine 
25 nucleotides or altemately a plurality of purine nucleotides are 2'-deoxy purine nucleotides). 

In one embodiment, the invention features a chemically-modified short interfering 
nucleic acid (siNA) molecule of the invention capable of mediating RNA interference 
(RNAi) inside a cell or reconstituted in vitro system comprising a sense re^on and an 
antisense re^on. Li one embodiment, the sense region comprises one or more 
30 2'-deoxy-2-fluoro pyrimidine nucleotides (eg., wherein all pyrimidine nucleotides are 
2 -deoxy-2 -fluoro pyrimidine nucleotides or altemately a plurality of pyrimidine 
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nucleotides are 2-deoxy-2'-fluoio pyrimidine nucleotides), and one or more 2'-deoxy 
purine nucleotides {eg., wherein all purine nucleotides are y-deoxy purine nucleotides or 
alternately a plurality of purine nucleotides are 2'-deoxy purine nucleotides). The sense 
region can comprise inverted deoxy abasic modifications ttiat are optionally present at fhe 

5 3'-end, the 5*-end, or both of the 3' and S*-6nds of flie sense region. The sense region can 
optionally further comprise a 3'-terminal overhang having about 1 to about 4 (e.g., about 1, 
2, 3, or 4) 2-deoxyribonucleotides. The antisense region comprisesone or more 
2'-deoxy-2'-fluoro pyrimidine nucleotides (e.g., wherein all pyrimidine nucleotides are 
y-deoxy-2'-fluoro pyrimidine nucleotides or alternately a plurality of pyrimidine 

10 nucleotides are 2'-deoxy-2-fluore pyrimidine nucleotides), and one or more 2*-0-methyl 
purine nucleotides (e.g., wherem all purine nucleotides are 2*-0-methyl purine nucleotides 
or altemately a plurality of purine nucleotides are 2'-0-methyl purine nucleotides). The 
antisense region can comprise a terminal cap modification, such as Bxxy modification 
described herein or shown in Figure 22, that is optionally present at the 3 -end, the 5-end, 

15 or both of the 3* and 5'-ends of the antisense sequence. The antisense region optionally 
further comprises a 3'-tenninal nucleotide overhang having about 1 to about 4 (e.g., about 1, 
2, 3, or 4) 2'-deoxynucleotides, wherein the overhang nucleotides can further comprise one 
or more (e.g., 1, 2, 3, or 4 ) phosphorothioate intemucleotide linkages. Non-limiting 
examples of these chemically-niodified siNAs are shown in Figures 18 and 19 and Table 

20 IV herein. 

In another embodiment of &e chemically-modified short interfering nucleic acid 
comprising a sense re^on and an antisense region, the sense region comprises one or more 
2'-deoxy-2'-fluoro pyrimidine nucleotides (e.g., wherein all pyrimidine nucleotides are 
2'-deoxy-2 -fluoro pyrimidine nucleotides or altemately a plurality of pyrimidine 

25 nucleotides are 2-deoxy-2 -fluoro pyrimidine nucleotides), and one or more purine 
ribonucleotides (e.g., wherein all purine nucleotides are purine ribonucleotides or 
altemately a plurality of purine nucleotides are purine ribonucleotides). The sense region 
can also compriseinverted deoxy abasic modifications that are optionally present at the 
3'.end, the 5'-end, or both of the 3' and 5*-ends of the sense region. The sense region 

30 optionally fiirth^ comprises a 3 -tominal overhang having about 1 to about 4 (e.g., about 1 , 
2, 3, or 4) 2'-deoxyribonucleotides. The antisense region comprises one or more 
2*-deoxy-2 -fluoro pyrimidine nucleotides (e.g., wherein all pyrimidine nucleotides are 
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2 -deaxy-2 -fluoro pyrimidine nucleotides or alternately a plurality of pyrimidine 
nucleotides are 2 -deoxy-2'-fIuoro pyrimidine nucleotides), and one or moie 2'-0-metiiyl 
purine nucleotides (e.g.^ wherein all purine nucleotides are 2*-0-methyl purine nucleotides 
or alternately a plurality ofpurine nucleotides are 2'-0-methyl purine nucleotides). The 

5 antisense region can also comprise a terminal cap modification, such as any modification 
described herein or shown in Figure 22, tiiat is optionally present at the 3*-end, the S*-end, 
or both of the 3* and S*-ends of the antisense sequence. The antisense region optionally 
furdier comprises a 3 -terminal nucleotide ov^hang having about 1 to about 4 (e.g., about 1 , 
2, 3, or 4) 2'-deoxynucleotides, wherein the overiiang nucleotides can further comprise one 

10 or more (e.g., 1, 2, 3, or 4) phosphorothioate intemucleotide linkages. Non-limiting 
examples of these chemically-modified siNAs are shown in Figures 18 and 19 and Table 
IV herein. 

In another embodiment of the chemically-modified short interfering nucleic acid 
comprising a sense region and an antisense region, the sense region comprises one or more 

15 2*-deoxy-2-fluoro pyrimidine nucleotides (e.g., wherein all pyrimidine nucleotides are 
2*-deoxy-2*-fluoro pyrimidine nucleotides or alternately a plurality of pyrimidine 
nucleotides are 2 -deoxy-2*-fluoro pyrimidine nucleotides), and one or more purine 
nucleotides selected from the group consisting of 2'-deoxy nucleotides, locked nucleic acid 
(LNA) nucleotides, 2'-metiioxyethyl nucleotides, 4'-thionucleotides, and 2'-0-methyl 

20 nucleotides (^.g:, wherein all purine nucleotides are selected from tiie group consisting of 
2'-deoxy nucleotides, locked nucleic acid (ij^A) nucleotides, 2'-metiioxyethyl nucleotides, 
4'-fhionucleotides, and 2'-0-methyl nucleotides or alternately a plurality of purine 
nucleotides are selected from the group consisting of 2'-deoxy nucleotides, locked nucleic 
acid (LNA) nucleotides, 2*-methoxyethyl nucleotides, 4'-thionucleotides, and 2'-0-mefhyl 

25 nucleotides). The sense region can comprise inverted deoxy abasic modifications that are 
optionally present at the 3'-end, the S'*end, or both of the 3* and S'-ends of the sense region. 
The sense region can optionally further comprise a 3'-terminal overhang having about 1 to 
about 4 (e.g., about 1 , 2, 3, or 4) 2 -deoxyribonucleotides. Ther antisense region coirqprises 
one or more 2Meoxy-2'-fluoro pyrimidine nucleotides (e.g., wherein all pyrimidine 

30 . nucleotides are 2'-deoxy-2'-fluoro pyrimidine nucleotides or alternately a plurality of 
pyrimidine nucleotides are 2*-deoxy-2 -fluoro pyrimidine nucleotides), and one or more 
purine nucleotides selected from the group consisting of 2'-deoxy nucleotides, locked 
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nucleic acid (LNA) nucleotides, 2'-methoxyethyl nucleotides, 4'-tliionucIeotides, and 
^2'-0-methyl nucleotides (e.g., wherein all purine nucleotides are selected from the group 
consisting of 2'-deoxy nucleotides, locked nucleic acid (LNA) nucleotides, 
2*-methoxyethyl nucleotides, 4'-thionucleotides, and 2*-Omethyl nucleotides or 

S alternately a plurality of purine nucleotides are selected from tiie group consisting of 
2'-deoxy nucleotides, locked nucleic acid (LNA) nucleotides, 2'-methoxyethyl nucleotides, 
4'-thionucleotides, and 2*-0-metbyl nucleotides). The antisense can also comprise a 
terminal cap modification, such as any modification described herein or shown in Figure 
22, fliat is optionally present at the 3'-end, the S'-end, or botfi of tihe 3' and 5'-ends of the 

10 antisense sequence. The antisense region optionally further comprises a 3 -terminal 
nucleotide overhang having about 1 to about 4 (e.g., about 1, 2, 3, or 4) 2*-deoxynucleotides, 
wherein the overhang nucleotides can further comprise one or more (e.g., 1, 2, 3, or 4) 
phosphorothioate intemucleotide linka^s. 

In another embodiment, any modified nucleotides present in the siNA molecules of 
15 the invention, preferably in the antisense strand of the siNA molecules of the invention, but 
also optionally in the sense and/or both antisense and sense strands, comprise modified 
nucleotides having properties or characteristics similar to naturally occurring 
ribonucleotides. For example, the invention features siNA molecules including modified 
nucleotides having a Northern conformation (e.g.. Northern pseudorotation cycle, see for 
20 example Saenger, Principles of Nucleic Acid Structure^ Springer-Verlag ed., 1984). As 
such, chemically rnodified nucleotides present in the siNA molecules of the invention, 
preferably in the antisense strand of the siNA molecules of the invention, but also 
optionally in the sense and/or both antisense and sense strands, are resistant to. nuclease 
degradation while at the same time maintaining the capacity to mediate SNAi. 
25 Non-limiting examples of nucleotides having a norttiem configuration include locked 
nucleic acid (LNA) nucleotides (e.g., 2'-0,4'-C-methylene-(D-ribofuranosyl) 
nucleotides); 2'-mefhoxyetho:iy (MOE) nucleotides; iz'-methyl-thio-etfiyl, 
2'-deoxy-2'-fluoro nucleotides, 2'-deoxy-2'-chloro nucleotides, 2'-azido nucleotides, and 
2*-0-mefliyl nucleotides. 

30 In one embodiment, the invention features a chemically-modified short interfering 

nucleic acid molecule (siNA) capable of mediating RNA interference (RNAi) inside a cell 
or reconstituted in vitro system, wherein the chemical modification comprises a conjugate 
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attached to the chemically-modified siNA molecule. The conjugate can he attached to the 
chemically-modified siNA molecule via a covalent attachment hi one emhodiment» the 
conjugate is attached to the chemically-modified siNA molecule via a biodegradable linker. 
In one embodiment, flie conjugate molecule is attached at the 3'-end ofeidier the sense 

5 strand, the antisense strand, or both strands of the chemically-modified siNA molecule. In 
another embodiment, the conjugate molecule is attached at the S'-end of either the sense 
strand, fhe antisense strand, or both strands of the chemically-modified siNA molecule. In 
yet another embodiment, the conjugate molecule is attached both the 3'-end and S'-end of 
either the sense strand, the antisense strand, or both strands of the chemically-modified 

10 siNA molecule, or any combination thereof. In one embodiment, flte conjugate molecule 
of the invention comprises a molecule fliat fiicilitates delivery of a chemically-modified 
siNA molecule into a biological system, such as a cell, hi another embodiment, the 
conjugate molecule attached to the chemically-modified siNA molecule is a poly ethylene 
glycol, human serum albumin, or a ligand for a cellular receptor that can mediate cellular 

15 uptake. Examples of specific conjugate molecules contemplated by the instant invention 
that can be attached to chemically-modified siNA molecules are described in Vargeese et 
aL, U.S. Serial No. 10/201,394, incorporated by reference herein. The type of conjugates 
used and the extent of conjugation of siNA molecules of the invention can be evaluated for 
improved pharmacokinetic profiles, bioavailability, and/or stability of siNA constructs 

20 while at the same time maintaining the ability of the siNA to mediate RNAi activity. As 
such, one skilled in the art can screen siNA constructs that are modified with various 
conjugates to determine whether the siNA conjugate complex possesses improved 
properties while maintaining the ability to mediate RNAi, for example in animal models as 
are generally known in the art 

25 In one embodiment, fho invention features a chemically-modified short int^ering 

nucleic acid (siNA) molecule of the invention capable of mediating KNfA interference 
(RNAi) inside a cell or reconstituted in vitro system, wherein the chemically-modified 
siNA comprises a sense region, where one or more pyrimidine nucleotides present in tiie 
sense region are 2*-deo3Qr-2'-fluoro pyrimidine nucleotides (e.g., wherein all pyrimidine 

30 nucleotides are 2 -deoxy-2'-fiuoro pyrimidine nucleotides or alternately a plurality of 
pyrimidine nucleotides are 2*-deoxy-2*-fluoro pyrimidine nucleotides), and where one or 
more purine nucleotides present in the sense region are 2'-deoxy purine nucleotides (^.gi. 
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wherein all purine nucleotides are 2'-deoxy purine nucleotides or alternately a plurality of 
purine nucleotides are 2-deoxy purine nucleotides), and inverted deoxy abasic 
modifications that are optionally present at tibe 3'-end, the S'-end, or both of the 3' and 
S'-ends of the sense region, the sense region optionally further comprising a 3 -terminal 
S overhang having about 1 to about 4 (e.g., about 1, 2, 3, or 4) 2'-deoxyribonucleotides; and 
wherein the chemically-modified short interfering nucleic acid molecide comprises an 
antisense region, where one or more pyrimidine nucleotides present in the antisense region 
are 2*-d60xy-2 -fluoro pyrimidine nucleotides (e.g., wherein all pyrimidine nucleotides are 
2'-deoxy-2 -fluoro pyrimidine nucleotides or alternately a plurality of pyrimidine 

10 nucleotides are 2'-deoxy-2 -fluoro pyrimidine nucleotides), and wherein one or more purine 
nucleotides present in the antisense region are 2*-0-methyl purine nucleotides (e.g., 
wherein all purine nucleotides are 2*-0-methyl purine nucleotides or alternately a plurality 
of purine nucleotides are 2'-0-methyl purine nucleotides), and a terminal cap modification, 
such as any modification described herein or shown in Figure 22, that is optionally present 

IS at the 3*-end, the S'-end, or both of the 3' and S'-ends of the antisense sequence, the 
antisense region optionally further comprising a 3 -terminal nucleotide overhang having 
about 1 to about 4 (e.g., about 1, 2, 3, or 4) 2j-deoxynucleotides, wherein the overhang 
nucleotides can further comprise one or more (e.g., 1, 2, 3, or 4) phosphorothioate 
intemucleotide linkages. Non-limiting examples of these chemically-modified siNAs are 

20 shown in Figures 18 and 19 and Table IV herein. 

In one embodiment, the invention features a chemically-modified short interfering 
nucleic acid (siNA) molecule of the invention capable of mediating RNA interference 
(KNAi) inside a cell or reconstituted in vitro system, wherein the chemically-modified 
siNA comprises a sense region, where one or more pyrimidine nucleotides preseht in the 

25 sense region are 2'-deo3^-2'-fluoro pyrimidine nucleotides (e.g:, wherein all pyrimidine 
^nucleotides are 2'-deoxy-2 -fluoro pyrimidine nucleotides or alternately a plurality of 
pyrimidine nucleotides are 2 -deoxy-2*-fiuoro pyrimidine nucleotides), and where one or 
more purine nucleotides present in the sense region are 2'-0-methyl purine nucleotides 
(e.g;, wherein all purine nucleotides are 2'-0-methyl purine nucleotides or alternately a 

30 plurality of purine nucleotides are 2'-0-methyl purine nucleotides), and inverted deoxy 
abasic modifications that are optionally present at the 3'-end, the S'-end, or bofli of the 3* 
and S'-ends of the sense region, tiie sense region optionally further comprising a 3*-terminal 
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overhang having about 1 to about 4 (e.g., about 1, 2, 3, or 4) 2'-deoxyribonucleotides; and 
wherein the chemically-modified short interfering nucleic acid molecule comprises an 
antisense region, where one or more pyrimidine nucleotides present in the mtisense region 
are 2'-deoxy-2*-fluoro pyrimidine nucleotides (e.g., wherein all pyrimidine nucleotides are 
5 2'-deoxy-2'-fluoro pyrimidine nucleotides or alternately a plurality of pyrimidine 
nucleotides are 2*-deoxy-2'-fluoro pyrimidine nucleotides), and wherein one or more purine 
nucleotides present in the antisense region are 2'-0-methyl purine nucleotides (e^g., 

wherein all purine nucleotides are 2'-0-mefhyl purine nucleotides or alternately a plurality 

« 

of purine nucleotides are 2'-0-methyl purine nucleotides), and a terminal cap modification, 
10 such as any modification described herein or shown in Figure 22, that is optionally present 
at the 3 -end, the S*-end, or bofli of the 3' and S'-ends of the antisense sequence, the 
antisense region optionally fiirther comprising a 3'-terminal nucleotide oveifaang having 
about 1 to about 4 (e.g., about 1, 2, 3, or 4) 2'-deo3qmucleotides, wherein tiie overiiang 
nucleotides can furttier comprise one or more (e.g., 1, 2, 3, or 4 ) phosphorothioate 
15 intemucleotide linkages. Non-limiting examples of tiiese chemically-modified siNAs are 
shown in Figures 18 and 19 and Table IV herein. 

In one embodiment, the invention features a chemically-modified short interfering 
nucleic acid (siNA) molecule of the invention capable of mediating KNA interference 
(RNAi) inside a cell or reconstituted in vitro system, wherein the siNA comprises a sense 

20 region, where one or more pyrimicfine nucleotides present in Ae sense region are 
■ I'-deoxy-y-fluoro pyrimidine nucleotides (e.g., wherein all pyrimidine nucleotides are 
2'-deoxy-2-fluoro pyrimidine nucleotides or alternately a plurality of pyrimidine 
nucleotides are 2*-deoxy-2'-fiuoro pyrimidine nucleotides), and where one or more purine 
nucleotides present in the sense region are purine ribonucleotides (e.g., wherein all purine 

25 nucleotides are purine ribonucleotides or alternately a plurality of purine nucleotides are 
-purine ribonucleotides), and inverted deoxy abasic modifications that are optionally 
present at the 3'-end, the 5'-end, or both of the 3' and S'-ends of the sense region, the sense 
region optionally fiirOier comprising a 3 -terminal overhang having about 1 to about 4 (e.g., 
about 1, 2, 3, or 4) 2*-deoxyribonucleotides; and wherein the siNA comprises an antisense 

30 region, where one or more pyrimidine nucleotides present in the antisense region are 
2*-deoxy-2 -fluoro pyrimidine nucleotides (e.g., wherein all pyrimidine nucleotides are 
2'-deoxy-2'-fluoro pyrimidine nucleotides or alternately a plurality of pyrimidine 
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nucleotides are 2'-deoxy-2 -fluoro pyrimidine nucleotides), and wheiein any purine 
nucleotides present in Ae antisense region are 2'-0-methyl purine nucleotides (e.g., 
wherein all purine nucleotides are 2'-0-methyl purine nucleotides or alternately a plurality 
of purine nucleotides are 2*-0-methyl purine nucleotides), and a terminal cap modification, 

5 such as'any modification described herein or shown in Figure 22, that is optionally present 
at the 3*-end, the 5'-end, or both of the 3* and S'-ends of flie antisense sequence, flie 
antisense region optionally fiirdier comprising a 3 -terminal nucleotide overhang having 
about 1 to about 4 (e.g., about 1, 2, 3, or 4) 2'-deoxynucleotides, wherein the overhang 
nucleotides can fimfaer comprise one or more (e.g., 1, 2, 3, or 4 ) phosphorothioate 

10 intemucleotide linkages. Non-limiting examples of these chemically-modified siNAs axe 
shown in Figures 18 and 19 and Table IV herein. 

In one embodiment, the invention features a chemically-modified short interfering 
nucleic acid (siNA) molecule of flie invention capable of mediating RNA interference 
(RNAi) inside a cell or reconstituted in vitro system, wherein the chemically-modified 

15 siNA comprises a sense region, where one or more pyrimidine nucleotides present in the 
sense region are 2'-deoxy-2'-fluoro pyrimidine nucleotides (e.g.y wherein all pyrimidine 
nucleotides are 2 -deoxy-2 -fluoro pyrimidine nucleotides or alternately a plurality of 
pyrimidine nucleotides are 2'-deoxy-2 -fluoro pyrimidine nucleotides), arid for example 
where one or more purine nucleotides present in the sense region are selected fiom the 

20 group consisting of 2*-deoxy nucleotides, locked nucleic acid (LNA) nucleotides, 
2*-methoxyethyl nucleotides, 4'-thionucleotides, and 2'-0-methyi nucleotides 
wherein all purine nucleotides are selected ftom the group consisting of 2*-deoxy 
nucleotides, locked nucleic acid (LNA) nucleotides, 2*-methoxyettiyl nucleotides, 
4'-fhionucleotides, and 2'-0-methyl nucleotides or alternately a plurality of purine 

25 nucleotides are selected firom the group consisting of 2*-deoxy nucleotides, locked nucleic 
acid (LNA) nucleotides, 2'-meflioxyethyl nucleotides, 4'-1faionucleotides, and 2*-OTmefliyl 
nucleotides), and wherein inverted deoxy abasic modifications are optionally present at the 
3'-end, the 5'-end, or both of tiie 3' and 5'-ends of &e sense region, ttie sense region 
optionally further comprising a 3 -terminal overhang having about 1 to about 4 (e.g., about 

30 1, 2, 3, or 4) 2*-deoxyribonucleotides; and wherein ttie chemically-modified short 
interfering nucleic acid molecule comprises an antisense region, where one or more 
pyrimidine nucleotides present in the antisense region are 2'-deoxy-2'-fluoro pyrimidine 
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nucleotides (e.g., wheiein all pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine 
nucleotides or alternately a plurality of pyrimidine nucleotides are 2'-deoxy-2'-fluoro 
pyrimidine nucleotides), and wherein one or more purine nucleotides present in the 
antisense region are selected from the group consisting of 2'-deoxy nucleotides, locked 

5 nucleic acid (LNA) nucleotides, 2'-meflioxyethyl nucleotides, 4*-thionucleotides, and 
2'-0-methyl nucleotides (e.g., wherein all purine nucleotides are selected from the group 
consisting of 2*-deoxy nucleotides, locked nucleic acid (LNA) nucleotides, 
2'-methoxyethyl nucleotides, 4'-thionucleotides, and 2'-0-methyl nucleotides or^ 
alternately a plurality of purine nucleotides are selected from the group consisting of 
10 2*-deoxy nucleotides, locked nucleic acid (LNA) nucleotides, 2'-methoxyethyl nucleotides, 
4'*fliionucleotides, and 2'-0-mettiyl nucleotides), and a terminal cap modification, such as 
any modification described herein or shown in Figure 22, that is optionally present at the 
3'-end, the 5*-end, or both of ttie 3* and 5'-ends of the antisense sequence, the antisense 
region optionally further comprising a 3"-tennirjal nucleotide overhang having about 1 to 

15 about 4 (e.g., about 1, 2, 3, or 4) 2'-deo>Qnaucleotides, wherein the overhang nucleotides can 
fiirther comprise one or more (e.g., 1, 2, 3, or 4) phosphorolhioate intemucleotide linkages. 

In one embodiment, the invention features a short interfering nucleic acid (siNA) 
molecule of the invention, wherein the siNA fiirdier compriseis a nucleotide, 
non-nucleotide, or mixed nucleotide/non-nucleotide linker that joins the sense region of the 

20 siNA to the antisense region of the siNA. In one embodiment, a nucleotide linker of the 
invention can be a linker of^ 2 nucleotides in length, for example 3, 4, 5, 6, 7, 8, 9, or 10 
nucleotides in length. In another embodiment, the nucleotide linker can be a nucleic acid 
aptamer. By "aptamer^' or "nucleic acid aptamer^ as used herein is meant a nucleic acid 
molecule that binds specifically to a target molecule wh^ein the nucleic acid molecule has 

25 sequence that cornprises a sequence recognized by the target molecule in its natural setting. 
Alternately, an aptamer can be a nucleic acid molecule that binds to a target molecule 
where the target molecule does not naturally bind to a nucleic acid. The target molecule 
can be any molecule of interest For example, the aptamer can be used to bind to a 
ligand-binding domain of a protein, thereby preventing interaction of the naturally 

30 occurring ligand witii the protein. This is a non-limiting example and those in the art will 
recognize that other embodiments can be readily generated using techniques 
generallyknown in the art (see, for example. Gold et ai, 1995, Annu, Rev. Biochenu, 64, 
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763; Biody and Gold, 2000, J. BiotechnoL, 74, 5; Sun, 2000, Ciirr. C5pin, MoL Uier., 2, 
100; Kusser, 2000, BiotechnoL, 74, 27; Hennann and Patel, 2000, Science, 287, 820; and 
Jayasena, 1999, Clinical Chemistry, 45, 1628.) 

In yet another embodiment, a non-nucleotide linker of the invention comprises abasic 

5 nucleotide, polyeflier, polyamine, polyamide, peptide, carbohydrate, lipid, 
polyhydrocarbon, or other polymeric compounds (e»g., polyethylene glycols such as those 
having between 2 and 100 ethylene glycol units). Specific examples include those 
described by Seela and Kaiser, Nucleic Acids Res. 1990, 75:6353 and Nucleic Acids Res, 
1987, 75:31 13; Cload and Schepartz, J. Am. Chem, Sac. 1991, 775:6324; Richardson and 

10 Schepartz, J. Am. Chem, Sac. 1991, 773:5109; Ma et al. Nucleic Acids Res. 1993, 27:2585 
and Biochemistry 1993, 32:1751; Durand et al. Nucleic Acids Res. 1990, 75:6353; 
McCurdy et al. Nucleosides & Nucleotides 1991, 10:2^7; Jschke et al, Tetrafiedron Lett. 
1993, 34:301; Ono et al. Biochemistry 1991, 30:9914; Arnold et al. International 
Publication No. WO 89/02439; Usman et al. International Publication No. WO 95/06731 ; 

1 5 Dudycz et al. International Publication No. WO 95/1 1 91 0 and Ferentz and Verdine, J. Am. 
Chem. Soc. 1991, 773:4000, all hereby incorporated by reference herein. A 
"non-nucleotide" further means any group or compound that can be incorporated into a 
nucleic acid chain in the place of one or more nucleotide units, including either sugar 
and/or phosphate substitutions, and allows the remaining bases to exhibit their enzymatic 

20 activity. The gcoup or compound can be abasic in that it does not contain a commonly 
lecosoized nucleotide base, such as adenosine, guimine, cytosine, uracil or tlqmine, fsSt 
sample at the CI position of tibe sugar. 

Li one embodiment, the invention features a chemically-modified short interfering 
nucleic acid molecule (siNA) capable of mediating RNA interference (RNAi) against a 

25 target gene inside a cell or reconstituted in vitro system, wherein the chemical modification 
comprises a conjugate covalently attached to the chemically-modified siNA molecule. 
Non-limiting examples of conjugates contemplated by the invention include conjugates 
and ligands described in Vargeese et al, USSN 10/427,160, filed April 30, 2003, 
incorporated by reference herein in its entirety, including the drawings. In anoth^ 

30 embodiment, the conjugate is covalently attached to the chemically-modified siNA 
molecule via a biodegradable linker. In one embodiment, the conjugate molecule is 
attached at the 3 -end of either fte sense strand, the antisense strand, or bofli strands of the 
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chemically-modified siNA molecule. In another embodiment, the conjugate molecule is 
attached at the 5*-end of eittier the sense strand, the antisense strand, or bo& strands of the 
chemically-modified siNA molecule. In yet another embodiment, the conjugate molecule 
is attached both the 3'-end and S*-end of either the sense strand, the antisense.strand, or both 
5 strands of the chemically-modified siNA molecule, or any combination thereof Jn one 
embodiment, a conjugate molecule of the invention comprises a molecule that fiicilitates 
delivery of a chemically-modified siNA molecule into a biological system, such as a cell. 
In another embodiment, the conjugate molecule attached to the chemically-modified siNA 
molecule is a polyethylene glycol, human serum albumin, or a Ugand for a cellular receptor 

10 that can mediate cellular uptake. Examples of specific conjugate molecules contemplated 
by the instant invention that can be attached to chemically-modified siNA molecules are 
described in Vargeese et al, U.S. Serial No. 10/201394, incorporated by reference herein. 
The type of conjugates used and Ae extent of conjugation of siNA molecules of flie 
invention can be evaluated for improved pharmacokinetic profiles, bioavailability, and/or 

15 stability of siNA constructs while at the same tnne maintaining the ability of the siNA to 
mediate RNAi activity. As such, one skilled in die art can screen siNA constmcts that are 
modified with various conjugates to determine whedier the siNA conjugate complex 
possesses improved properties while maintaining the ability to mediate RNAi, for example 
in animal models as are generally known in the art 

20 In one embodiment, the invention features a short interfering nucleic acid (siNA) 

molecule capable of mediating RNA interference (RNAi) inside a cell or reconstituted in 
vitro system, wherein one or both strands of the siNA molecule that are assembled from 
^o separate oligonucleotides do not comprise any ribonucleotides. For example, a siNA 
molecule can be assembled from a single oligonculeotide where the sense and antisense 

25 regions of the siNA comprise separate oligonucleotides that do not have any 
ribonucleotides (e.g., nucleotides having a 2'-OH group) present in the oligonucleotides. 
In another example, a siNA molecule can be assembled from a single oligonculeotide 
where the sense and antisense regions of the siNA are linked or circularized by a nucleotide 
or non-nucleotide linker as described h^ein, wherein the oligonucleotide does not have any 

30 ribonucleotides (e.g., nucleotides having a 2'-OH group) present in tiie oligonucleotide. 
Applicant has surprisingly found that the presense of ribonucleotides (e.g., nucleotides 
having a 2'-hydroxyl group) within die siNA molecule is not required or essential to 
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support RNAi activity. As such, in one embodiment, all positions wifhin the siNA can 
include chemically modified nucleotides and/or non-nucleotides such as nucleotides and or 
non-nucleotides having Formula 1, 11, m, IV, V, VI, or VII or any combination diereof to 
the extent that the ability of the siNA molecule to support RNAi activity in a cell is 
S maintained. 

In one embodiment, the invention features a siNA molecule that does not require the 
presence of a 2'-OH group (ribonucleotide) to be present withing the siNA molecule to 
support RNA interference. 

In one embodiment, a siNA molecule of tiie invention is a single stranded siNA 
10 molecule that mediates RNAi activity in a cell or reconstituted in vitro system, wherein the 
siNA molecule comprises a single stranded polynucleotide having complementarity to a 
target nucleic acid sequence. In another embodiment, the single stranded siNA molecule of 
tfie invention comprises a S*-t«nminal phosphate group. In another embodiment, the single 
stranded siNA molecule of the invention comprises a S'-teminal phosphate group and a 
IS 3'-terminal phosphate group (e.g., a 2',3'-(^clic phosphate). In another embodiment, the 
single stranded siNA molecule of the invention comprises about 19 to about 29 (e.g., about 
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, or 29) nucleotides. In yet another embodiment, the 
single stranded siNA molecule of the invention comprises one or more chemically 
modified nucleotides or non-nucleotides described herein. For example, all the positions 
20 ' within the siNA molecule can include chemically-modified nucleotides such as nucleotides 
having any of Formulae I-Vn, or any combination thereof to the extent that the ability of 
die siNA molecule to siq>port RNAi activity in a cell is maintained. 

In one embodiment, the single stranded siNA molecule having complementarity to a 
target nucleic acid sequence comprises one or more 2'-deoxy-2*-fluoro pyrimidine 
25 nucleotides (e.g., wherein all pyrimidine nucleotides are 2*-deoxy-2 -fluoro pyrimidine 
nucleotides or alternately a plurality of pyrimidine nucleotides are 2*-deoxy-2 -fluoro 
pyrimidine nucleotides), and one or more 2 -Omethyl purine nucleotides (e.g., wherein all 
purine nucleotides are 2*-0-mediyl purine nucleotides or alternately a plurality of purine 
nucleotides are 2*-0-methyl purine nucleotides). In anodier embodiment, the single 
30 stranded siNA molecule comprises one or more 2'-deoxy-2*-fluoro pyrimidine nucleotides 
(e.g., wherein all pyrimidine nucleotides are 2*-deoxy-2 -fluoro pyrimidine nucleotides or 
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alternately a plurality of pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine 
nucleotides), and one or more 2'-deoxy purine nucleotides (e.g., wherein all purine 
nucleotides are 2'-deoxy purine nucleotides or alternately a plurality of purine nucleotides 
are 2'-deoxy purine nucleotides). In another embodiment, the single stranded siNA 

5 molecule comprises one or more 2'-<leoxy-2 -fluoro pyrimidine nucleotides (e.g., wherein 
all pyrimidine nucleotides are 2*-deoxy-2'-fluoro pyrimidine nucleotides or alternately a 
plurality of pyrimidine nucleotides are 2*-deoxy-2 -fluoro pyrinudine nucleotides), wherein 
any purine nucleotides present in the antisense region are locked nucleic add (LNA) 
nucleotides (e.g., wherein all purine nucleotides are LNA nucleotides or alternately a 

10 . pluraUty of purine nucleotides are LNA nucleotides). In another embodiment, the single 
stranded siNA molecule comprises one or more 2*-deoxy-2'-fluoro pyrimidine nucleotides 
(e.g., wherein all pyrimidine nucleotides are 2'-deoxy-2*-fluoro pyrimidine nucleotides or 
alternately a plurality of pyrimidine nucleotides are 2'-deoxy-2-fluoro pyrimidine 
nucleotides), and one or more 2'-methoxyethyl purine nucleotides (e.g., wherein all purine 

15 nucleotides are 2'-methoxyethyl purine nucleotides or alternately a plurality of purine 
nucleotides are 2'-methoxyethyl purine nucleotides), the single stranded siNA can 
comprise a terminal cap modification, such as any modification described herein or shown 
in Figure 22, that is optionally present at the 3'-end, flie S*-end, or both of the 3' and 5'-ends 
of the antisense sequence. The single stranded siNA optionally fiirther conq>rises about 1 

20 to about 4 (e.g., about 1, 2, 3, or 4) terminal 2'-deoxynucleotides at the 3 '-end of the siNA 
molecule, wherein tiie terminal nucleotides can further comprise one or more (e.g., 1, 2, 3, 
or 4) phosphoFothioate intemucleotide liidcages. The single stranded siNA optionally 
further comprises a terminal phosphate group, such as a S'-terminal phosphate group. 

In one embodiment, a siNA molecule of the invention is a single stranded siNA 
25 molecule that mediates RNAi activity in a cell or reconstituted in vitro system, wherein the 
siNA molecule comprises a single stranded polynucleotide having complementarity to a 
target nucleic acid sequence, and wherein one or more pyrimidine nucleotides present in 
the siNA are 2'-deoxy-2-fluoro pyrimidine nucleotides (e.g., wherein all pyrimidine 
nucleotides are 2'-deoxy-2 -fluoro pyrimidine nucleotides or alternately a plurality of 
30 pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine nucleotides), and wherein any 
purine nucleotides present in the antisense region are 2 -O-mefhyl purine nucleotides (e.g., 
wherein all purine nucleotides are 2'-0-methyl purine nucleotides or alternately a plurality 
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of purine nucleotides aie 2*-0-methyl purine nucleotides), and a terminal cap modification, 
such as any modification described herein or shown in Figure 22, that is optionally present 
at the 3'-end, the 5'-end, or both of tihe 3' and S*-ends of the antisense sequence. The siNA 
optionally further comprises about 1 to about 4 or more (e.g., about 1, 2, 3, 4 or more) 
5 terminal 2*-deoxynucleotides at the 3*-end of the siNA molecule, wherem the terminal 
nucleotides can further comprise one or more (e.g., 1, 2, 3, 4 or more) phosphorothioate, 
phosphonoacetate, and/or tbiophosphonoacetate intemucleotide linkages, and wherein the 
siNA optionally further comprises a terminal phosphate group, such as a 5'-terminal 
phosphate group. In any of these embodiments, any purine nucleotides present in the 
10 antisense region are alternatively 2*-deoxy purine nucleotides (e.g., wherein all purine 
nucleotides are 2*-deoxy purine nucleotides or alternately a plurality of purine nucleotides 
are 2'-deoxy purine nucleotides). Also, in any of these embodiments, any purine 
nucleotides present in the siNA (i.e., purine nucleotides present in the sense and/or 
antisense region) can alternatively be locked nucleic acid (LNA) nucleotides (e.g., wherein 
15 all purine nucleotides are LNA nucleotides or alternately a plurality of purine nucleotides 
are LNA nucleotides). Also, in any of these embodiments, any purine nucleotides present 
in tide siNA are alternatively 2'-metfioxyethyl purine nucleotides (e.g., wherein all purine 
nucleotides are 2'-methoxyethyl purine nucleotides or alternately a plurality of purine 
nucleotides are 2'-methoxyethyl purine nucleotides). In another embodiment, any 
20 modified nucleotides present in the single stranded siNA molecules of the invention 
comprise modified nucleptides having properties or characteristics similar to naturally 
occu^g ribonucleotides. For example, fbe invention features siNA molecules including • 
modified nucleotides having a Northern conformation (e.g.. Northern pseudorotation cycle, 
see for example Saenger, Principles of Nucleic Acid Structure, Springer-Verlag ed., 1984). 
25 As such, chemically modified nucleotides present in the single stranded siNA molecules of 
the invention are preferably resistant to nuclease degradation while at the same time 
maintaining the cajiacity to mediate RNAi 

In one embodiment, a siNA molecule of the invention is a single stranded siNA 
molecule fliat mediates RNAi activity in a cell or reconstituted in vitro system, wherein the 
30 siNA molecule comprises a single stranded polynucleotide having complementarity to a 
target nucleic acid sequence, and wherein one or more pyrimidine nucleotides present in 
the siNA are 2'-deoxy-2-fluoro pyrimidine nucleotides (e.g., wherein all pyrimidine 
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nucleotides are 2*-deoxy-2 -fluoro pyrimidme nucleotides or alternately a plurality of 
pyrimidine nucleotides axe 2'-deoxy-2*-fluoro pyrimidine nucleotides), and wherein any 
purine nucleotides present in the siNA axe 2'-0-methyl purine nucleotides (e.g., wherein all 
. purine nucleotides are 2*-0-methyl purine nucleotides or alternately a plurality of purine 

S nucleotides are 2 -O-methyl purine nucleotides), and a terminal cap modification, such as 
any modification described h^in or shown in Figure 22, that is optionally present at tiie 
3'-end, tiie 5-end, or botii of ttie 3* and 5*-ends of the antisense sequence, the siNA 
optionally further comprismg about 1 to about 4 (e.g., about 1, 2, 3, or 4) terminal 
2'-deoxynucleotides at the 3'-end of the siNA molecule, wherein the terminal nucleotides 

10 can further comprise one or more (e.g., 1, 2, 3, or 4 ) phosphorothioate intemucleotide 
linkages, and wherein tiie siNA optionally further comprises a terminal phosphate group, 
such as a 5 '-terminal phosphate group. 

In one embodiment, a siNA molecule of flie invention is a single stranded siNA 
molecule that mediates RNAi activity in a cell or reconstituted in vitro system, wherein the 

15 siNA molecule comprises a single stranded polynucleotide having complementarity to a 
target nucleic acid sequence, and wherein one or more pyrimidine nucleotides present in 
the siNA are 2 -deoxy-2 -fluoro pyrimidine nucleotides (e.g., wherein all pyrimidine 
nucleotides are 2 -deoxy-2'-fluoro pyrimidine nucleotides or alternately a plurality of 
pyriinidine nucleotides are 2 -deoxy-2'-fluoro pyrimidine nucleotides), and wherein any 

20. purine nucleotides present in the siNA are 2 -deoxy purine nucleotides (e.g., wherein all 
purine nucleotides are 2'-deoxy purine nucleotides or alternately a plurality of purine 
nucleotides axe 2'-deoxy purine nucleotides), and a terminal, cap modification, such as any 
modification described herein or shown in Figure 22, that is optionally present at the 3'-end, 
the S'-end, or both of the 3' and S'-ends of tiie antisense sequence, the siNA optionally 

25 furtiier comprising about 1 to about 4 (e.g., about 1 , 2, 3, or 4) terminal 2'-deoxynucleotides 
at the 3'-end of the siNA molecule, wherein the terminal nucleotides can further comprise 
one or more (e.g., 1, 2, 3, or 4 ) phosphorothioate intemucleotide linkages, and wherein the 
siNA optionally further comprises a terminal phosphate group, such as a 5 '-terminal 
phosphate group. 

30 In one embodiment, a siNA molecule of the invention is a single stranded siNA 

molecule that mediates RNAi activity in a cell or reconstituted in vitro system, wherein the 
siNA molecule comprises a single stranded polynucleotide having complementarity to a 
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target nucleic acid sequence, and wherein one or more pyrimidine nucleotides present in 
the siNA are 2 -deoxy-2 -fluoro pyrimidine nucleotides (e.g., wherein all pyrimidine 
nucleotides are 2'-deoxy-2'-fluoro pyrimidine nucleotides or alternately a plurality of 
pyrimidine nucleotides are 2*-deoxy-2-fluoro pyrimidine nucleotides), and wherein any 

5 purine nucleotides present in the siNA are locked nucleic acid (LNA) nucleotides (e.g., 
wherein all purine nucleotides are LNA nucleotides or altemately a plurality of purine 
nucleotides are LNA nucleotides), and a terminal cap modification, such as any 
modification described herein or shown in Figure 22, that is optionally present at the 3'-»d, 
the 5'-end, or bofli of the 3* and S'-ends of ibe antisense sequence, the siNA optional^ 

10 furdier comprising about 1 to about 4 (e.g., about 1 , 2, 3, or 4) terminal 2'-deo>qaiucleotides 
at the S'-end of fte siNA molecule, wherein the terminal nucleotides can furflier comprise 
one or more (e.g., 1 , 2, 3, or 4 ) phosphorottuoate intemucleotide linkages, and wherein the 
siNA optionally further comprises a terminal phosphate group, such as a S'-terminal 
phosphate group. 

15 In one embodiment, a siNA molecule of the invention is a single stranded siNA 

molecule that mediates RNAi activity in a cell or reconstituted in vitro system, wherein the 
siNA molecule comprises a single stranded polynucleotide having complementarity to a 
target nucleic acid sequence, and wherein one or more pyrimidine nucleotides present in 
the siNA are 2'~deoxy-2 -fluoro pyrimidine nucleotides (e.g., wherein all pyrimidine 
.20 nucleotides are 2*-deoxy-2-fluoro pyrimidine nucleotides or altemately a plurality of 
pyrimidine nucleotides are 2*-deoxy-2'-fluoro pyrimidme nucleotides), and wherein any 
purine nucleotides present in the siNA are 2'-methoxyethyl purine nucleotides (e.g., 
wherein all purine nucleotides are 2'-methoxyefhyl purine nucleotides or alternately a 
plurality of purine nucleotides are 2'-mefhoxyethyl purine nucleotides), and a terminal cap 

25 modification, such as any modification described herein or shown in Figure 22, that is 
optionally present at the 3'-end, the 5'-end, or both of the 3' and 5'-ends of the antisense 
sequence, the siNA optionally further comprising about 1 to about 4 (e.g., about 1, 2, 3, or 
4) terminal 2*-deoxynucleotides at tfie 3'-end of ttie siNA molecule, wherein the terminal 
nucleotides can furOier comprise one or more (e.g., 1, 2, 3, or 4 ) phosphorothioate 

30 intemucleotide linkages, and wherein the siNA optionally further comprises a terminal 
phosphate group, such as a 5 '-terminal phosphate group. 
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In another embodiment, any modilBed nucleotides present in fhe single stranded siNA 
molecules of the invention comprise modified nucleotides having properties or 
characteristics similar to naturally occurring ribonucleotides. For example, the invention 
features siNA molecules including modified nucleotides having a Northem conformation 
5 (e.g., Norfliem pseudorotation cycle, see for example Saenger, Principles of Nucleic Acid 
Structure^ Springer-Verlag ed., 1984). As such, chemically modified nucleotides present in 
the single stranded siNA molecules of die invention are preferably resistant to nuclease 
degradation while at die same time maintaining the capacity to mediate RNAi. 

In one embodiment, the invention features a method for modulating the expression of 
10 a gene within a cell comprising: (a) syndiesizing a siNA molecule of the invention, which 
can be chemically-modified, wherein one of the siNA strands comprises a sequence 
complementary to RNA of the gene; and (b) introducmg flie siNA molecule into a cell 
under conditions suitable to modulate the expression of the gene in the cell. 

U one embodiment, the invention features a method for modulating the e3q)ression of 
15 a gene within a cell comprising: (a) synthesizmg a siNA molecule of the invention, which 
can be chemically-modified, wherein one of the siNA strands comprises a sequence 
complementary to RNA of the gene and wherein die sense strand sequence of the siNA 
comprises a sequence sujbstantially similar to fhe sequence of the target RNA; and (b) 
introducing the siNA molecule into a cell under conditions suitable to modulate the 
- -20 . expression of die gene in die cell. / 

In another embodiment, the invention features a method for modulating the 
expression of more dian one gene within a cell comprising: (a) synthesizing siNA 
molecules of the invention, which can be chemically-modified, wherein one of fhe siNA 
strands comprises a sequence complementary to RNA of the genes; and (b) introducing the 
25 siNA molecules into a cell under conditions suitable to modulate fhe expression of the 
genes in the cell. 

In another embodiment; the invention features a method for modulating die 
expression of more than one gene within a cell comprising: (a) synthesizing a siNA 
molecule of the invention, which can be chemically-modified, wherein one of the siNA 
30 strands comprises a sequence complementary to RNA of the gene and wherein the sense 
strand sequence of the siNA comprises a sequence substantially similar to the sequence of 
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the target RNA; and (b) introducing the siNA molecules into a cell under conditions 
suitable to modulate the expression of the genes in the cell. 

In one embodiment, siNA molecules of the invention are used as reagents in ex vivo 
applications. For example, siNA reagents are intoduced into tissue or cells that are 
5 transplanted into a subject for therapeutic efifect The cells and/or tissue can be derived 
from an organism or subject that later-receives the explant, or can be derived from another 
organism or subject prior to transplantation. The siNA molecules can be used to modulate 
the expression of one or more genes in the cells or tissue, such that the cells or tissue obtain 
a desired phenotype or are able to perform a function when transplanted in vivo. In one 

10 embodiment, certain target cells from a patient are extracted. These extracted cells are 
contacted with siNAs targeteing a specific nucleotide sequence within the cells under 
conditions suitable for uptake of the siNAs by these cells (e.g., using delivery reagents such 
as cationic lipids, liposomes and the like or using techniques such as electropoiation to 
facilitate the delivery of siNAs into cells). The cells are then reintroduced back into the 

1 5 same patient or other patients. Non-limiting examples of ex vivo applications include use in 
organ/tissue transplant, tissue grafting, or treatment of pulmonary disease (e.g., restenosis) 
or prevent neointimal hyperplasia and atherosclerosis in vein grafts. Such ex vivo 
applications may also used to treat conditions associated with coronary and peripheral 
bypass graft failure, for example, such methods can be used in conjunction with peripheral 

20 vascular bypass graft surgery and coronary artery bypass graft surgery. Additional 
applications include transplants to treat CNS lesions or injury, including use in treatment of 
neurodegenerative conditions such as Alzheimer's disease, Parkinson's Disease, Epilepsy, 
Dementia, Huntington's disease, or amyotrophic lateral sclerosis (ALS). 

In one embodiment, the invention features a method of modulating ihe expression of 
25 a gene in a tissue e>q)lant comprising: (a) synthesizing a siNA molecule of the invention, 
which can be chemically-modified, wherein one of the siNA strands comprises a sequence 
complementary to RNA of the gene; and (b) introducing the siNA molecule into a cell of 
the tissue explant derived from a particular organism under conditions suitable to modulate 
the expression of the gene in the tissue explant. In another embodiment, the method frirther 
30 comprises introducing the tissue explant back into the organism the tissue was derived from 
or into another organism under conditions suitable to modulate the expression of the gene 
in that organism. 
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In one embodiment^ the invention features a method of modulating the expression of 
a gene in a tissue explant comprising: (a) synthesizing a siNA molecule of tiie invention, 
which can be chemically-modified, wherein one of the siNA strands comprises a sequence 
complementary to RNA of the gene and wherein the sense strand sequence of the siNA 
5 comprises a sequence substantially similar to the sequence of the target RNA; and (b) 
introducing the siNA molecule into a cell of the tissue explant derived from a particular 
organism under conditions suitable to modulate the expression of the gene in the tissue 
explant In another embodiment, fhe metiiod further comprises introducing the tissue 
explant back into the organism the tissue was derived from or into another organism under 
10 conditions suitable to modulate fhe expression of flie gene in that organism. 

In another embodiment, llie invention features a method of modulating the 
expression of more than one gene in a tissue explant comprising: (a) synthesizing siNA 
molecules of tiie invention^ which can be chemically-modified, wherein one of the siNA 
strands comprises a sequence complementary to RNA of the genes; and (b) introducing the 
IS siNA molecules into a cell of the tissue explant derived from a particular organism under 
conditions suitable to modulate the expression of the genes in the tissue explant In another 
embodiment, the method further comprises introducing the tissue explant back into the 
organism the tissue was derived from or into another organism under conditions suitable to 
modulate tiie expression of the genes in that organism. 

20 In one embodiment, the invention' features a method of modulating the expression of 

a gene in an organism comprising: (a) synthesizing a siNA molecule of the invention, 
which can be chemically-modified, wherein one of the siNA strands comprises a sequence 
complementary to RNA of the gene; and (b) introducing tiie siNA molecule into fhe 
organism under conditions suitable to modulate the expression of fhe gene in tiie organism. 

25 In another embodiment, the invention features a method of modulating the 

expression of more than one gene in an organism comprising: (a) synthesizing siNA 
molecules of the invention, which can be chemically-modified, wherein one of the siNA 
strands comprises a sequence complementary to RNA of the genes; and (b) introducing the 
siNA molecules into the oi^ganism under conditions suitable to modulate the expression of 

30 the genes in the organism. 
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In one embodiment, the invention features a method for modulating the expression of 
a gene within a cell comprising: (a) synthesizing a siNA molecule of die invration» which 
can be chemically-modified, wherein the siNA comprises a single stranded sequence 
having complementarity to RNA of the gene; and (b) introducing the siNA molecule into a 
5 cell under conditions suitable to modulate the expression of the gene in the cell. 

In one embodiment, the invention features a method of modulating the expression of 
a target gene in an tissue or organ comprising: (a) S3aithesizing a siNA molecule of the 
invention, which can be chemically-modified, wherein the siNA comprises a single 
stranded sequence having complementarity to RNA of the target gene; and (b) introducing 
10 the siNA molecule into the tissue or oigan under conditions suitable to modulate the 
expression of the target gene in the organism. In another embodiment, the tissue is ocular 
tissue and the organ is the eye. In anodier embodiment, the tissue comprises hepatocytes 
and/or hq)atic tissue and the organ is the liver. 

In another embodiment, fiie invention features a method for modulating the 
IS expression of more than one ^ne within a cell comprising: (a) synthesizing siNA 
molecules of the invention, which can be chemically-modified, wherein the siNA 
comprises a single stranded sequence having complementarity to RNA of the gene; and (b) 
contacting the siNA molecule with a cell in vitro or in vivo under conditions suitable to 
modulate die expression of the genes in the cell. 

20 In one embodiment, the invention features a method of modulating the expression of 

a gene in a tissue explant comprising: (a) syndiesizing a siNA molecule of the invention, 
which can be chemically-modified, wherein the siNA comprises a single stranded sequence 
having complementarity to RNA of the gene; and (b) contacting die siNA molecule with a 
cell of the tissue explant derived from a particular organism under conditions suitable to 
25 modulate the expression of the gene in the tissue explant. In another embodiment, the 
method further comprises introducing the tissue explant back into the organism the tissue 
was derived from or into another organism under conditions suitable to modulate the 
expression of die gene in that organism. 

In another embodiment, the invention features a method of modulating the 
30 expression of more than one gene in a tissue explant comprising: (a) synthesizing siNA 
molecules of the invention, which can be chemically-modified, wherein the siNA 
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comprises a single stranded sequence having complementarity to RNA of the gene; and (b) 
introducing the siNA molecules into a cell of tfie tissue explant derived from a particular 
organism under conditions suitable to modulate Ihe expression of the genes in fbe tissue 
explant In another embodiment, the method further comprises introducing the tissue 
5 explant back into the organism the tissue was derived from or into another organism under 
conditions suitable to modulate the expression of the genes in that organism. 

In one embodiment, the invention features a method of modulating the expression of 
a gene in an organism comprising: (a) synthesizing a siNA molecule of the invention, 
which can be chemically-modified, wherein the siNA comprises a single stranded sequence 
10 having complementarity to RNA of the gene; and (b) introducing the siNA molecule into 
the organism under conditions suitable to modulate the expression of the gene in* the 
organism. 

In another embodiment, the invention features a method of modulating the 
expression of more flian one gene in an organism comprising: (a) synthesizing siNA 
15 molecules of the invention, which can ^e chemically-modified, wherem the siNA 
comprises a single stranded sequence having complementarity to RNA of the gene; and (b) 
introducing the siNA molecules into flie organism under conditions suitable to modulate 
the expression of &6 genes in the organism. 

In one embodiment, the invention features a me&od of modulating the expression of 
20 a gene in an organism comprising contacting the organism witii a siNA molecule of the 
invention under conditions suitable to modulate tiie expression of the gene in the organism. 

In anotibier embodiment the invention features a method of lAodulating the 
expression of more than one gene in an organism comprising contacting the organism with 
one or more siNA molecules of the invention under conditions suitable to modulate the 
25 expression of the genes in Ae organism. 

The siNA molecules of the invention can be designed to down regulate or inhibit 
target gene expression through RNAi targeting of a variety of RNA molecules. In one 
embodiment, the siNA molecules of the mvention are used to target various KNAs 
corresponding to a target gene. Non-limiting examples of such RNAs include messenger 
30 RNA (mRNA), altemate RNA splice variants of target gene(s), post-transcriptionally 
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modified RNA of target gene(s), pre-mRNA of target gene(s), and/or RNA templates. If 
alternate splicing produces a family of transcripts fliat are distinguished by usa^ of 
appropriate exons, the instant invention can be used to inhibit gene expression through the 
appropriate exons to specifically inhibit or to distinguish among the functions of gene 

5 family members. For example, a protein fliat contains an alternatively spliced 
transmembrane domain can be expressed in bofli membrane bound and secreted forms. 
Use of the invention to target the exon containing the transmembrane domain can be used 
to determine the functional consequences of pharmaceutical targeting of membrane bound 
as opposed to &e secreted form of flie proteiiL Non-limiting examples of applications of 

10 the invention relating to targeting these RNA molecules include therapeutic pharmaceutical 
applications, pharmaceutical discovery supplications, molecular diagnostic and gene 
fimction applications, and gene mapping, for example using single nucleotide 
polymorphism mapping with siNA molecules of the invention. Such applications can be 
implemented using known gene sequences or fiom partial sequences available from an 

1 5 expressed sequence tag (EST). 

In another embodiment, the siNA molecules of the invention are used to target 
conserved sequences corresponding to a gene family or gene families. As such, siNA 
molecules targeting multiple gene targets can provide increased therapeutic effect. In 
addition, siNA can be used to characterize pathways of gene function in a variety of 

20 applications. For example, the present invention can be used to inhibit the activity of target 
gene(s) in a pathway to determine the function of uncharacterized gene(s) in gene function 
analysis, mKNA function analysis, or translational analysis. The invention can be used to 
determine potential target gene pathways involved in various diseases and conditions 
toward pharmaceutical developmrat The invention can be used to understand pathways of 

25 gene expicssion involved in, for example, in development, such as prenatal development 
and postnatal development, and/or tiie progression and/or maintenance of cancer, 
infectious disease, autoimmunity, inflammation, endocrine disorders, renal disease, 
pulmonary disease, cardiovascular disease, birth defects, ageing, hair growth, any otiier 
disease, condition, trait, genotype or phenotype related to gene expression. 

30 In one embodiment, siNA molecule(s) and/or methods of the invention are used to 

down-regulate or inhibit the expression of gene(s) that encode RNA referred to by Genbank 
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Accession, for example genes ^coding RNA sequence(s) lefeired to herein by Genbahk 
Accession number. 

In one embodiment, the invention features a method comprising: (a) generating a 
library of siNA constructs having a predetermined complexity; and (b) assaying the siNA 
5 constructs of (a) above, under conditions suitable to determine RNAi target sites within the 
target RNA sequence. In one embodiment, the siNA molecules of (a) have strands of a 
fixed lengfii, for example, about 23 nucleotides in length. In another embodiment, the 
siNA molecules of (a) are of differing length, for example having strands of about 19 to 
about 25 (eg., about 19, 20, 21, 22, 23. 24. or 25)--nuol©etid€«. jiulength^ In one 
1 0 embodiment, flie assay can comprise a reconstituted in vitro siNA assay as described beremT 
In ano&er embodiment, the assay can comprise a cell culture system in which target RNA 
is expressed. In another embodiment, fiagments of target KNA are analyzed for detectable 
levels of cleavage, for example by gel electrophoresis, norfliem blot analysis, or KNAse 
protection assays, to determine the most suitable target site(s) within the target KNA 
1 S sequence. The target KNA sequence can be obtained as is known in the art, for example, by 
cloning and/or transcription for in vitro systems, and by cellular expression in in vivo 



In one embodiment, the invention features a metiliod comprising: (a) generating a 
randomized library of siNA constructs having a predetermined complexity, such as of 4^^ 
20 where N represents the number of base paired nucleotides in each of the siNA constmct 
strands (eg. for a siNA construct having 21 nucleotide sense and antisense strands with 19 
base pairs, the complexity would be 4^^); and (b) assaying the siNA constructs of (a) above, 
under conditions suitable to determine KNAi target sites within the target KNA sequence. 
In another embodiment, the siNA molecules of (a) have strands of a fixed lengfli, for 

25 example about 23 nucleotides in lengOi. In yet another embodiment, the siNA molecules of 
(a) are of differing length, for example having strands of about 19 to about 25 (e.g., about 
19, 20, 21, 22, 23, 24, or 25) nucleotides in length. In one embodiment, the assay can 
comprise a reconstituted in vitro siNA assay as described in Example 7 hereiiL In another 
embodiment, the assay can comprise a cell culture system m which target KNA is 

30 ^q>ressed. In another embodiment, fragments of target KNA are analyzed for detectable 
levels of cleavage, for example by g^l electrophoresis, northern blot analysis, or KNAse 
protection assays, to determine the most suitable target site(s) within the target KNA 
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sequence. In another embodiment, fhe target RNA sequence can be obtained as is known in 
the art, for example, by cloning and/or transcription for in vitro systems, andjby cellular 
expression in in vivo systems. 

In another embodiment, the invention features a method comprising: (a) analyzing 
5 the sequence of a KNA target encoded by a target gene; (b) synthesizing one or more sets of 
siNA molecules having sequence complementary to one or more regions of the RNA of (a); 
and (c) assaying the siNA molecules of (b) under conditions suitable to determine KNAi 
targets withm the target RNA sequence. In one embodiment, the siNA molecules of (b) 
have strands of a fixed length, for example about 23 nucleotides in length. In another 
10 embodiment, the siNA molecules of (b) are of differing length, for example having strands 
of about 19 to about 25 (egr., about 19, 20, 21 , 22, 23, 24, or 25) nucleotides in length. In 
one embodiment, the assay can comprise a reconstituted in vitro siNA assay as described 
herein. In another embodiment, the assay can comprise a cell culture system in which 
target RNA is expressed. Fragments of target RNA are analyzed for detectable levels of 
15 cleavage, for example by gel electrophoresis, northern blot analysis, or KNAse protection 
assays, to detennine the most suitable target site(s) wiftin the tar^t RNA sequence. The 
target RNA sequence can be obtained as is known in the art, for example, by cloning and/or 
transcription for in vitro systems, and by expression in in vivo systems. 

By "target site" is meant a sequence within a target RNA that is "targeted" for 
20 cleavage mediated by a siNA constnict which contains sequences within its antisense 
region that are complementary to the target sequence. 

By "detectable level of cleavage" is meant cleavage of target RNA (and formation of 
cleaved product RNAs) to an extent sufficient to discern cleavage products above tibe 
background of RNAs jiroduced by random degradation of tiie target RNA. Broduction of 
25 cleavage products from 1-5% of the target RNA is sufficient to detect above the 
background for most methods of detection. 

In one embodiment, the invention features a composition comprising a siNA 
molecule of the invention, which can be chemically-modified, in a pharmaceutically 
acceptable carrier or diluent. In another embodiment, the invention features a 
30 pharmaceutical composition comprising siNA molecules of the invention, which can be 
chemically-modified, targeting one or more genes in a pharmaceutically acceptable carrier 
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or diluent In another embodiment, the invention features a method for diagnosing a 
disease, condition, trait, genotype or phenotype in a subject comprising administering to 
the subject a composition of the invention under conditions suitable for the diagnosis of the 
disease, condition, trait, genotype or phenotype in the subject 

5 In one embodiment, the invention features a method for treating or preventing a 

disease, condition, trait, genotype or phenotype in a subject, comprising administering to 
the subject a composition of the invention under conditions suitable for the treatment or 
prevention of the disease, condition, trait, genotype or phenotype in the subject, alone or in 
conjunction with one or more other tiierapeutic compounds. In yet anotiber embodiment, 

10 the invention features a method for reducing or preventing tissue rejection in a subject 
comprising administering to the subject a composition of the invention under conditions 
suitable for the reduction or prevention of tissue rejection in the subject 

In one embodiment, the invention features a method for alleviating ttie symptoms of 
a disease, condition, trait, genotype or phenotype in a subject, comprising administering to 
15 the subject a composition of the invention (alone or in combination (simultanesouly or 
sequentially) with one or more other therapeutic compounds) under conditions suitable for 
alleviating the symptoms of tiie disease, condition, trait, genotype or phenotype in the 
subject 

In another embodiment, the invention features a method for validating a gene toilet, 
20 comprising: (a) synthesizing a siNA molecule of the invention, which can be 
chemically-modified, wherein one of the siNA strands includes a sequence complementary 
to RNA of a target gene; (b) introducing the siNA molecule into a cell, tissue, or organism 
under conditions suitable for modulating expression of the target gene in the cell, tissue, or 
organism; and (c) detemiining ttie function of the gene by assaying for any phenotypic 
25 change in the cell, tissue, or organism. 

In another embodiment, tiie invention features a method for validating a target gene 
comprising: (a) synthesizing a siNA molecule of the invention, which can be 
chemically-modified, wherein one of the siNA strands includes a sequence complementary 
to KNA of a target gene; (b) introducing the siNA molecule into a biological system under 
30 conditions suitable for modulatmg expression of the target gene in the biological system; 
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and (c) detennining the function of the gene by assaying for any phenotypic change in flie 
biological system. 

By ''biological system*' is meant, material, in a purified or unpurified fomi, from 
biological sources, including but not limited to himian, animal, plant, insect, bacterial, viral 
5 or otiier sources, wherein the system comprises the components required for RNAi acitivity. 
The temi ''biological system*' includes, for example, a cell, tissue, or organic or eictract 
thereof. The tenn biological system also includes reconstituted RNAi systems that can be 
used in an m vitro setting. 

By "phenotypic change" is meant any detectable change to a cell that occurs in 
10 response to contact or treatment with a nucleic acid molecule of the invention (e.g., siNA). 
Such detectable changes include, but are not limited to, changes in shape, size, proliferation, 
motility, protein expression or KNA expression or other physical or chemical changes as 
can be assayed by methods known in the art The detectable change can also include 
expression of reporter genes/molecules such as Green Florescent Protein (GFP) or various 
1 S tags that are used to identify an expressed protein or any other cellular component that can 
be assayed. 

In one embodiment, the invention features a kit containing a siNA molecule of the 
invention, which can be chemically-modified, that can be used to modulate the expression 
of a target gene in biological system, including, for example, in a cell, tissue, or organism. 
20 In another embodiment, the invention features a kit containing more than one siNA 
molecule of the invention, which can be chemically-modified, that can be used to modulate 
the expression of more than one target gene in a biological system, including, for example, 
in a cell, tissue, or organism. 

In one embodiment, the invention features a kit containing a siNA molecule of the 
25 invention, which can be chemically-modified, that can be used to modulate the expression 
of a target gene in a biological system. In another embodiment, the invention features a kit 
containing more than one siNA molecule of the invention, which can be 
chemically-modified, that can be used to modulate the expression of more than one target 
gene in a biological system. 
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In one embodiment, the invention features a cell containing one or more siNA 
molecules of the invention, which can be chemically-modified. In another embodiment, 
the cell containing a siNA molecule of the invention is a mammalian cell. In yet anotiier 
embodiment, the cell containing a siNA molecule of tiie invention is a human cell. 

5 In one embodiment, the synthesis of a siNA molecule of the invention, which can be 

chemically-modified, comprises: (a) synthesis of two complementary strands of the siNA 
molecule; (b) annealing the two complementary strands together under conditions suitable 
to obtain a double-stranded siNA molecule. In another embodiment, synthesis of the two 
complementary strands of the siNA molecule is by solid phase oligonucleotide synthesis. 

10 In yet another embodiment, synthesis of flie two complementary strands of the siNA 
molecule is by solid phase tandem oligonucleotide synthesis. 

In one mibodiment, flie invention features a mefliod for syntfiesisdng a siNA duplex 
molecule comprising: (a) synthesizing a first oligonucleotide sequence strand of tfie siNA 
molecule, wherein Ae first oligonucleotide sequence strand comprises a cleavable linker 
15 molecule that can be used as a scaffold for ttie synthesis of the second oligonucleotide 
sequence strand of the siNA; (b) synthesLring the second oligonucleotide sequence strand 
of siNA on the scaffold of tiie first oligonucleotide sequence strand, wherein the second 
oligonucleotide sequence strand fiirfher comprises a chemical moiety than can be used to 
purify the siNA duplex; (c) cleaving the linker molecule of (a) under conditions suitable for 
20 the two siNA oligonucleotide strands to hybridize and form a stable duplex; and (d) 
purifying the siNA duplex utilizing the chemical moiety of the second oligonucleotide 
sequence strand. In one embodiment, cleavage of the linker molecule in (c) above takes 
place during deprotection of the oligonucleotide, for example, under hydrolysis conditions 
using an alkylamine base such as melhylamine. In one embodiment, the metiiod of 
25 synthesis comprises solid phase syndesis on a solid support such as controlled pore glass 
(CPG) or polystyrene, wherein the first sequence of (a) is synthesized on a cleavable linker, 
such as a succinyl linker, using the solid support as a scaffold. The cleavable linker in (a) 
used as a scaffold for synthesizing the second strand can comprise similar reactivity as the 
solid support derivatized linker, such that cleavage of the solid support derivatized linker 
30 and the cleavable linker of (a) takes place concomitantly. In another embodiment, the 
chemical moiety of (b) fliat can be used to isolate the attached oligonucleotide sequence 
comprises a trityl group, for example a dimethoxytrityl group, which can be employed in a 
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trityl-on synthesis strategy as described heiein. In yet another embodinnent, the chemical 
moiety, such as a dimethoxytrityl group, is removed during purification, for example, using 
abidic conditions. 

In a further embodiment, the method for siNA synthesis is a solution phase syndesis 
5 or hybrid phase synthesis wherein both strands of the siNA duplex are synthesized in 
tandem using a cleavable linker attached to the first sequence which acts a scaffold for 
synthesis of the second sequence. Cleavage of the linker under conditions suitable for 
hybridization of the separate siNA sequence strands results in formation of the 
double-stranded siNA molecule. 

10 In another embodiment, the invention features a mefiiod for synthesizing a siNA 

duplex molecule comprising: (a) synthesizing one oligonucleotide sequence strand of the 
siNA molecule, wherein the sequence comprises a cleavable linker molecule that can be 
used as a scaffold for tiie synthesis of another oligonucleotide sequence; (b) syntibesizing a 
second oligonucleotide sequence having complementarity to flie first sequence strand on 
15 the scaffold of (a), wherein the second sequence comprises the other strand of the 
double-stranded siNA molecule and wherein tiie second sequence fiirflier comprises a 
chemical moiety than can be used to isolate the attached oligonucleotide sequence; (c) 
purifying the product of (b) utilizmg the chemical moiety of the second oligonucleotide 
sequence strand under conditions suitable for isolating the full-length sequence comprising 
20 both siNA oligonucleotide strands connected by the cleavable linker and under conditions 
suitable for the two siNA oligonucleotide strands to hybridize and form a stable duplex. In 
one embodiment, cleavage of the linker molecule in (c) above takes place during 
deprotection of the oUgonucleotide, for example under hydrolysis conditions. In another 
embodiment, cleavage of the linker molecule in (c) above takes place after deprotection of 
25 the oligonucleotide. In another embodiment, the method of synthesis comprises solid 
phase synthesis on a solid support such as controlled pore glass (CPG) or polystyrene, 
wherein the first sequence of (a) is synthesized on a cleavable linker, such as a succinyl 
linker, using the solid support as a scaffold. The cleavable linker in (a) used as a scaffold 
for synthesizing the second strand can comprise similar reactivity or differing reactivity as 
30 the solid support derivatized linker, such that cleavage of the solid support derivatized 
linker and the cleavable linker of (a) takes place eittier concomitantly or sequentially. In 
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one embodiment, the chemical moiety of (b) that can be used to isolate the attached 
oligonucleotide sequence comprises a trityl group, for exanq>le a dimethoxytrityl group. 

In another embodiment, the invention features a method for making a 
double-stranded siNA molecule in a single synthetic process comprising: (a) synthesizing 

5 an oligonucleotide having a first and a second sequence, wherein the first sequence is 
complementary to the second sequence, and the first oligonucleotide sequence is linked to 
the second sequence via a cleavable linker, and wherein a terminal 5*-protecting group, for 
example, a S'-O-dimethoxytrityl group (5'-0-DMT) remains on the oligonucleotide having 
the second sequence; (b) deprotecting flie oligonucleotide whereby the deprotection results 

10 in the cleavage of the linker joining the two oligonucleotide sequences; and (c) purifying 
the product of (b) under conditions suitable for isolating flie double-stranded siNA 
molecule, for example using a trityl-on synHiesis strategy as described herein. 

la another embodiment, the method of synthesis of siNA molecules of the invention 
comprises the teachings of Scaringe et al., US Patent Nos. 5,889,136; 6,008,400; and 
IS 6,111 ,086, incorporated by reference herein in their entirety. 

In one embodiment, the invention features siNA constructs that mediate RNAi in a 
cell or reconstituted system, wherein the siNA construct comprises one or more chemical 
modifications, for example, one or more chemical modifications having any of Formulae 
I-Vn or any combination hereof that increases the nuclease resistance of the siNA 
20 construct 

In another embodiment, the invention features a method for generating siNA 
molecules with increased nuclease resistance comprising (a) introducing nucleotides 
having any of Formula I-VH or any combination thereof into a siNA molecule, and (b) 
assaying the siNA molecule of step (a) under conditions suitable for isolating siNA 
25 molecules having increased nuclease resistance. 

In one embodiment, the invention features siNA constrocts that mediate RNAi 
against a target gene, wheiein the siNA construct comprises one or more chemical 
modifications described herein that modulates the binding affinity between the sense and 
antisense strands of the siNA construct 
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In one embodiment, the binding affinity between the sense and antisense strands of 
the siNA construct is modulated to increase the activity of the siNA molecule with regard to 
the ability of the siNA to mediate RNA interference. In another embodiment flie binding 
affinity between the sense and antisense strands of the siNA construct is decreased. The 
5 binding affinity between tfie sense and antisense strands of the siNA constmct can be 
decreased by introducing one or more chemically modified nucleotides in the siNA 
sequence that disrupts the duplex stability of the siNA (e.g., lowers tihe Tm of the duplex). 
The binding affinity between the sense and antisense strands of the siNA construct can be 
decreased by introducing one or more nucleotides in ttie siNA sequence ttiat do not form 
10 Watson-Crick base pairs. The binding affinity between ibe sense and antisense strands of 
die siNA construct can be decreased by introducing one or more wobble base pairs in the 
siNA sequence. The binding affinity between the sense and antisense strands of the siNA 
J construct can be decreased by modifying the nucleobase composition of the siNA» such as 
by altering the G-C content of the siNA sequence (e.g., decreasing die number of G-C base 
IS pairs in the siNA sequence). These modifications and alterations in sequence can be 
introduced selectively at pie-determined positions of the siNA sequence to increase siNA 
mediated KNAi activity. For example, such modificaitons and sequence alterations can be 
introduced to disrupt siNA duplex stability between the S'-end of the antisense strand and 
the 3'-CTd of the sense strand, the 3*-end of the antisense strand and die S'-end of the sense 
20 strand, or alternately the middle of the siNA duplex. In another embodiment, siNA 
molecules are screened for optimized KNAi activity by introducing such modifications and 
sequence alterations either by rational design based upon observed rules or trends in 
increasing siNA activity, or randomly via combinatorial selection processes that cover 
either partial or complete sequence space of the siNA construct 

25 In another embodiment, the invention features a method for generating siNA 

molecules with increased binding affinity between the sense and antisense strands of the 
siNA molecule comprising (a) introducing nucleotides having any of Formula I-Vn or any 
combination thereof into a siNA molecule, and (b).assaying the siNf A molecule of step (a) 
under conditions suitable for isolating siNA molecules having increased binding affinity 

30 between the sense and antisense strands of the siNA molecule. 



In another embodiment, the invention features a method for generating siNA 
molecules with decreased binding affinity between the sense and antisense strands of the 
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siNA molecule comprising (a) introducing nucleotides having any of Formula I-Vn or any 
combination thereof into a siNA molecule, and (b) assaying flie siNA molecule of step (a) 
under conditions suitable for isolating siNA molecules having decreased binding afGnity 
between the sense and antisense strands of the siNA molecule. 

5 In one embodiment, the invention features siNA constnicts that mediate RNAi in a 

cell or reconstituted system, wherein fbe siNA construct comprises one or more chemical 
modifications described herein that modulates the binding affinity between tiie antisense 
strand of the siNA construct and a complementary target RNA sequence within a cell. 

In one embodiment, flie invention features siNA constructs that mediate KNAi in a 
10 cell or reconstituted system, wherein the siNA construct comprises one or more chemical 
modifications described herein that modulates the binding afSnity between the antisense 
strand of the siNA construct and a complementary target DNA sequence within a cell. 

In another embodiment, the invention features a method for generating siNA 
molecules with increased binding affinity between the antisense strand of the siNA 
15 molecule and a complementary target KNA sequence comprising (a) introducing 
nucleotides having any of Formula I-Vn or any combination thereof into a siNA molecule, 
and (b) assaying the siNA molecule of step (a) under conditions suitable for isolating siNA 
molecules having increased binding affinity between the antisense strand of the siNA 
molecule and a complementary target RNA sequence. 

20 In another embodiment, the invention features a method for generating siNA 

molecules with increased binding afBnity between the antisense strand of the siNA 
molecule and a complementary target DNA sequence comprising (a) introducing 
nucleotides having any of Formula I-Vn or any combination fti^eof into a siNA molecule, 
and (b) assaying flie siNA molecule of step (a) under conditions suitable for isolating siNA 

25 molecules having increased binding afBnity between the antisense strand of the siNA . 
molecule and a complementary target DNA sequence. 

In another embodiment, the invention features a method for generating siNA 
molecules with decreased binding aflSnity between the antisense strand of the siNA 
molecule and a complementary target RNA sequence comprising (a) introducing 
30 nucleotides having any of Formula I-VH or any combination thereof into a siNA molecule, 
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and (b) assaying the siNA molecule of step (a) under conditions suitable for isolating siNA 
molecules having decreased binding affinity between the antisense strand of the siNA 
molecule and a complementary target KNA sequence. 

In another embodiment, the invention features a method for generating siNA 
5 molecules with decreased binding affinity between ttie antisense strand of the siNA 
molecule and a complementary target DNA sequence comprising (a) introducing 
nucleotides having any of Formula I-VII or any combhiation tiiereof into a siNA molecule, 
and (b) assaying the siNA molecule of step (a) under conditions suitable for isolating siNA 
molecules having decreased binding affinity between the antisense strand of flie siNA 
10 molecule and a complementary target DNA sequence. 

In one embodiment, the invention features siNA constructs that mediate RNAi in a 
cell or reconstituted system, wherein the siNA construct comprises one or more chemical 
modifications described herein fliat modidate the polymerase activity of a cellular 
polymerase capable of generating additional endogenous siNA molecules having sequence 
1 5 homology to the chemically-modified siNA constmct 

Jn another embodiment, the invention features a method for generating siNA 
molecules capable of mediating increased polymerase activity of a cellular polymerase 
capable of generating additional endogenous siNA molecules having sequence homology 
to a chemically-modified siNA molecule comprising (a) introducing nucleotides having 

20 any of Formula I-Vn or any combination thereof into a siNA molecule, and (b) assaying 
the siNA molecule of step (a) under conditions suitable for isolating siNA molecules 
capable of mediating increased polymerase activity of a cellular polymerase capable of 
generating additional endogenous siNA molecules having sequence homology to the 
chemically-modified siNA molecule. In one embodiment, die invention features 

25 chemically-modified siNA constructs that mediate RNAi in a cell or reconstituted system, 
wherein the chemical modifications do not significantiy effect the interaction of siNA with 
a target RNA molecule, DNA molecule and/or proteins or other factors that are essential for 
KNAi in a manner that would decrease the efficacy of RNAi mediated by such siNA 
constructs. 
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la another embodiment, the invration features a method for generating siNA 
molecules with improved RNAi activity comprising (a) introducing nucleotides having any 
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of Foimula I-VII or any combination thereof into a siNA molecule, and (b) assaying the 
siNA molecule of step (a) under conditions suitable for isolating siNA molecules having 
> improved RNAi activity. 

In yet another embodiment, the invention features a method for generating siNA 
5 molecules with improved RNAi activity against a target RNA comprising (a) introducing 
nucleotides having any of Formula I-VII or any combination thereof into a siNA molecule, 
and (b) assaying the siNA molecule of step (a) under conditions suitable for isolating siNA 
molecules having improved RNAi activity against the target RNA. 

In yet another embodiment, the invention features a meAod for g^erating siNA 
10 molecules with improved RNAi activity against a DNA target comprising (a) introducing 
nucleotides having any of Formula I-Vn or any combination tiieieof ioto a siNA molecule, 
and (b) assaying the siNA molecule of step (a) under conditions suitable for isolating siNA 
molecules having improved RNAi activity against the DNA target, such as a gene, 
chromosome, or portion thereof. 

IS In one embodiment, the invention features siNA constmcts that mediate RNAi in a 

cell or reconstituted system, wherein the siNA constmct comprises one or more chemical 
modifications described herein that modulates the cellular uptake of the siNA construct 

In another embodiment, the invention features a method for generating siNA 
molecules against a target gene with improved cellular uptake comprising (a) introducing 
20 nucleotides having any of Formula I-VH or any combination thereof into a siNA molecule, 
and (b) assaying the siNA molecule of step (a) under conditions suitable for isolating siNA 
molecules having improved cellular uptake. 

In one embodiment, the invention features siNA constructs that mediate RNAi 
against a target gene, wherein the siNA construct comprises one or more chemical 

25 modifications described herein fliat increases the bioavailability of the siNA constmct, for 
example, by attaching polymeric conjugates such as polyefliyleneglycol or equivalent 
conjugates that inq>rove the pharmacokinetics of the siNA constmct, or by attaching 
conjugates that target specific tissue types or cell types in vivo. Non-limiting examples of 
such conjugates are described m Vargeese et al, U.S. Serial No. 10/201,394 incorporated 

30 by reference herein. 
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• In one embodiment, flie invention features a method for generating siNA molecules 
of Ae invention with improved bioavailability comprising (a) introducing a conjugate into 
the structure of a siNA molecule, and (b) assaying the siNA molecule of step (a) under 
conditions suitable for isolating siNA molecules havmg improved bioavailability. Such 
5 conjugates can include ligands for cellular receptors, such as peptides derived ftom 
natural^ occurring protein ligands; protein localization sequences, mcluding cellular ZIP 
code sequences; antibodies; nucleic acid aptamers; vitamins and other co-factors, such as 
folate and N-acetylgalactosamine; polymers, such as polyethyleneglycol ^EG); 
phospholipids; cholesterol; polyamines, such asTspermine or spermidine; and others. 

10 In one embodiment, the invention features a double stranded short interfering nucleic 

acid (siNA) molecule ttiat comprises a first nucleotide sequence complementary to a target 
RNA sequence or a portion thereof, and a second sequence having complementarity to said 
first sequence, wherein said second sequence is chemically modified in a manner that it can 
no longer act as a guide sequence for efiScientiy mediating RNA interference and/or is 

1 5 recognized by cellular proteins that facilitate KNAi. 

In one embodiment, the invention features a double stranded short interfering nucleic 
acid (siNA) molecule that comprises a first nucleotide sequence complementary to a target 
RNA sequence or a portion thereof, and a second sequrace having complementarity to said 
first sequence, wherein the second sequence is designed or modified in a manner that 
20 prev®ttts its entry into the RNAi pathway as a guide sequence 6r as a sequence that is 
complementary to a target nucleic acid (e.g., RNA) sequence. Such design or 
modifications are expected to enhance the activity of siNA and/or improve the specifici^ 
of siNA molecules of the invention. These modifications are also expected to minimize 
any off-target effects and/or associated toxicity. 

25 In one embodiment, the invention features a double stranded short interfering nucleic 

acid (siNA) molecule that comprises a first nucleotide sequence complementary to a target 
RNA sequence or a portion thereof, and a second sequence having complementarity to said 
first sequence, wherein said second sequence is incapable of acting as a guide sequence for 
mediating RNA interference. 

30 In one embodiment, the invention features a double stranded short interfering nucleic 

acid (siNA) molecule that comprises a first nucleotide sequence complementary to a target 
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RNA sequence or a portion thereof, and a second sequence having complementarity to said 
first sequence, wherein said second sequence does not have a terminal 5*-lqrdroxyl (5'-OH) 
or 5*-phosphate group. 

In one embodiment^ the invention features a double stranded short interfering nucleic 
5 acid (siNA) molecule that comprises a first nucleotide sequence complementary to a target 
KNA sequence or a portion thereof, and a second sequence having complementarity to said 
first sequence, wherein said second sequence comprises a temiinal cap moieiy at the 5 *-end 
of said second sequence. In another embodiment, the terminal cap moiety comprises an 
inverted abasic, inverted deoxy abasic, inverted nucleotide moiety, a group shown in 
.10 Figure 22, an alkyl or cycloalkyl group, a heterocycle, or any other group that prevents 
RNAi activity in which the second sequence serves as a guide sequence or template for 
RNAi. 

In one embodiment, flie invention features a double stranded short interfering nucleic 
acid (siNA) molecule that comprises a first nucleotide sequence complraientary to a target 
1 5 RNA sequence or a portion thereof, and a second sequence having complementarity to said 
first sequence, wherein said second sequence comprises a temunal cap moiety at the 5'-end 
and 3*-end of said second sequence. In another embodiment, each terminal moieiy 
individually comprises an inverted abasic, inverted deoxy abasic, inverted nucleotide 
moiety, a group-shown in Figure 22, an alkyl or cycloalkyl group, a heterocycle, or any 
20 other group that prevents RNAi activity . in which the second sequence serves as a guide 
sequence or template for RNAi. 

In one embodiment, the invention features a method for generating siNA molecules 
of the invention with improved specificity for down regulating or inhibiting the expression 
of a target nucleic acid (e.g., a DNA or RNA such as a gene or its corresponding RNA), 
25 comprising (a) introducing one or more chemical modifications into the stmcture of a siNA 
molecule, and (b) assaying the siNA molecule of step (a) under conditions suitable for 
isolating siNA molecules having improved specificity. In another embodiment, the 
chemical modification used to improve specificity comprises terminal cap modifications at 
the 5'-end, 3*-end, or both 5' and 3'-ends of the siNA molecule. The termmal c^ 
30 modifications can comprise, for example, structures shown in Figure 22 (e.g., inverted 
deo?^abasic moieties) or any other chemical modification that renders a portion of the 
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siNA molecule (e.g., Ae sense strand) incapable of mediating RNA int^erence against an 
off target nucleic acid sequence. In a non-limiting example^ a siNA molecule is designed 
s&ch that only the antisense sequence of the siNA molecule can serve as a guide sequence 
for RISC mediated degradation of a corresponding target KNA sequence. This can be 
5 accomplished by rendering the sense sequence of the siNA inactive by introducing 
chemical modifications to the sense strand that preclude recognition of the sense strand as a 
guide sequence by RNAi machinery. In one embodiment, such chemical modifications 
comprise any chemical group at the 5'-end of the sense strand of the siNA, or any other 
group that serves to render the sense strand inactive as a guide sequence for mediating RNA 
10 interference. These modifications, for example, can result in a molecule where the 5*-end 
of the sense strand no longer has a firee 5'-hydroxyl (5'-OH) or a free 5*-phosphate group 
(e.g., phosphate, diphosphate, triphosphate, cyclic phosphate etc.). Non-limiting examples 
of such siNA constructs are described herein, such as "Stab 9/10*', "Stab 7/8", "Stab 7/19", 
"Stab 17/22", "Stab 23/24", and "Stab 23/25" chemistries (Table IV) and variants thereof 
15 wherein the 5 '-end and 3 '-end of the sense strand of the siNA do not comprise a hydroxyl 
group or phosphate group. 

In one embodiment, the invention features a method for generating siNA molecules 
of the invention with improved specificity for down regulating or inhibiting the expression 
of a target nucldc acid (e.g., a DNA or RNA such as a gene or its corresponding RNA), 
20 comprising introducing one or more chemical modifications into the structure of a siNA 
molecule that prevent a strand or portion of the siNA molecule ftom actirig as a template or 
guide sequence for RNAi acitivity. In one embodiment, the inactive strand or sense region 
of the siNA molecule is the sense strand or sense region of the siNA molecule, i.e. the 
strand or region of tibe dNA that does not have complementarity to the target nucleic acid 
25 sequence. In one embodiment, such chemical modifications comprise any chemical group 
at the 5'-end of the sense strand or region of tibie siNA fliat does not cominise a 5'-hydroxyl 
(5*-OH) or 5'-phosphate group, or any other group that serves to render the sense strand or 
sense region inactive as a guide sequence for mediating RNA interference. Non-limiting 
examples of such siNA constructs are described herein, such as "Stab 9/10", "Stab 7/8", 
30 "Stab 7/19", "Stab 17/22", "Stab 23/24", and "Stab 23/25" chemistries (Table IV) and 
variants thereof wherein the 5*-end and 3'-end of the sense strand of the siNA do not 
comprise a hydroxyl group or phosphate group. 
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In one embodiment, the invention features a method for screening siNA molecules 
against a target nucleic acid sequence comprising, (a) generating a plurality of unmodified 
siNA molecules, (b) assaying the siNA molecules of stsp (a) under conditions suitable for 
isolating siNA molecules that are active in mediating RNA interference a^inst the target 
5 nucleic acid sequence, (c) introducing chemical modifications (e.g., chraiical 
modifications as described herein or as otherwise known in the art) into the active siNA 
molecules of (b), and (d) optionally re-screenmg the chemically modified siNA molecules 
of (c) under conditions suitable for isolatmg chemically modified siNA molecules that are 
active in mediating RNA interference against the target nucleic acid sequence. 

10 In one embodiment, flie invention features a metfiod for screening siNA molecules 

against a target nucleic acid sequence comprising, (a) generating a plurality of chemically 
modified siNA molecules (e.g., siNA molecules as described herein or as otherwise known 
in the art), and (b) assaying the siNA molecules of step (a) under conditions suitable for 
isolating chemically modified siNA molecules that are active in mediating KNA 

1 S interference against the target nucleic acid sequence. 

In another embodiment, the invention features a method for generating siNA 
molecules of the invention with improved bioavailability comprising (a) introducing an 
excipient formulation to a siNA molecule, and (b) assaying the siNA molecule of step (a) 
imder conditions suitable for isolating siNA molecules having improved bioavailability. 
20 Such excipients include polymers such as cyclodextrins, lipids, cationic lipids, polyamin^ 
phospholipids, nanoparticles, receptors, ligands, and otiiers. 

In another embodiment, the invention features a method for generating siNA 
molecules of tiie invention with improved bioavailability comprising (a) introducing an 
excipient formulation to a siNA molecule, and (b) assaying the siNA molecule of step (a) 
25 under conditions suitable for isolating siNA molecules having improved bioavailabilily. 
Such excipients include polymers such as cyclodextrins, lipids, cationic lipids, polyamines, 
phospholipids, and o&ers. 

In another embodiment, the invention features a method for generating siNA 
molecules of the invention with improved bioavailability comprising (a) introducing 
30 nucleotides having any of Formulae I-VII or any combination thereof into a siNA molecule. 



82 



MBHB 03-46S-E; (400/160) 

and (b) assaying the siNA molecule of step (a) tinder conditions suitable for isolating siNA 
molecules having improved bioavailability. 

In another embodiment, polyethylene glycol (PEG) can be covalently attached to 
siNA compounds of the present invention. The attached PEG can be any molecular weight, 
5 preferably from about 2,000 to about 50,000 daltons (Da). 

The present invention can be used alone or as a componmt of a kit having at least one 
of the reagents necessaiy to carry out the in vitro or in vivo introduction of RNA to test 
samples and/or subjects. For example, preferred components of the kit include a siNA 
molecule of the invention and a vehicle that promotes introduction of the siNA into cells of 
•10 interest as described herein (e.g., using lipids and other methods of transfection known in 
flie art, see for example Beigelman et al, US 6,395,713). The kit can be used for target 
validation, such as in determining gene function and/or activity, or in drag optimization, 
and in drag discovery (see for example Usman et al., USSN 60/402,996). Such a kit can 
also include instructions to allow a user of the kit to practice the invention. 

15 The term "short interfering nucleic acid", "siNA", "short interfering RNA", "siRNA", 

"short interfering nucleic acid molecule", "short interfering oligonucleotide molecide", or 
"chemically-modified ^ort interfering nucleic acid molecule" as used herein refers to any 
nucleic acid molecule capable of inhibiting or down regulating gene e?^ression or viral 
replication, for example by mediating RNA interference "RNAi" or gene silencing in a 

20 . ^equence-qpecific manner, see for example Zamore et al, 2000, Cell, 101, 25-33; Bass, 
2001, /fe/iire, 41 1, 428-429; Elbashir et al. lOOUNature, 41 1, 494-498; and Kreutzer et al. 
International PCX Publication No. WO 00/44895; Zemicka-Goetz et al. International PCX 
Publication No. WO 01/36646; Ffae, fiitemational PCX Publication No. WO 99/32619; 
Plaetinck et al,. International PCT Publication No. WO 00/01846; Mello and Fire, 

25 International PCT Publication No. WO 01/29058; Deschamps-Depaillette, International 
PCT Publication No. WO 99/07409; and Li et al. International PCT Publication No. WO 
00/44914; Allshire, 2002, Science, 297, 1818-1819; Volpe et al, 2002, Science, 297, 
1833-1837; Jenuwein, 2002, Science, 297, 2215-2218; and Hall et al, 2002, Science, 297, 
2232-2237; Hutvagner and Zamore, 2002, Science, 297, 2056-60; McManus et al, 2002, 
30 RNA, 8, 842-850; Reinhart et al, 2002, Gene & Dev., 16, 1616-1626; and Reuihart & 
Bartel, 2002, Science^ 297, 1831). Non limiting examples of siNA molecules of the 
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invention are shown in Figures 18-20, and Table I herein. For example the siNA can be a 
double-stranded polynucleotide molecule comprising self-complementary sense and 
antis^nse regions, wherein the antisense region comprises nucleotide sequence tfiat is 
complementary to nucleotide sequence in a target nucleic acid molecule or a portion 
5 thereof and the sense region having nucleotide sequence corresponding to the^target nucleic 
acid sequence or a portion thereof. The siNA can be assembled from two separate • 
oligonucleotides, where one strand is the sense strand and the other is the antisense strand, 
wherein flie antisense and sense strands are self-complementary (i.e. each strand comprises 
nucleotide sequence that is complementary to nucleotide sequence in flie otter strand; such 
10 as where the antisense strand and sense strand form a duplex or double stranded stmcture» 
for example wherein the double stranded region is about 1 9 base pairs); the antisense strand 
comprises nucleotide sequence that is complementary to nucleotide sequence in a target 
nucleic acid molecule or a portion thereof and the sense strand comprises nucleotide 
sequence corresponding to the target nucleic acid sequence or a portion thereof. 
IS Alternatively, the siNA is assembled from a single oligonucleotide, where the 
self-complementary sense and antisense regions of the siNA are linked by 'means of a 
nucleic acid based or non-nucleic acid-based linker(s). The siNA can be a polynucleotide 
with a duplex, asymmetric duplex, hairpin or asymmetric hairpin secondary structure, 
having self-complementaxy sense and antisense regions, wherein die antisense region 
20 comprises nucleotide sequence thatis complemratary to nucleotide sequence in a separate 
target nucleic acid molecule or a portion thereof and the sense region having nucleotide 
sequence corresponding to the target nucleic acid sequence or a portion thereof. The siNA 
can be a circular single-stranded polynucleotide having two or more loop structures and a 
stem comprising self-complementary sense and antisense regions, wherein the antisense 
25 region comprises nucleotide sequence that is complementary to nucleotide sequence in a 
target nucleic acid molecule or a portion tihiereof and the sense region having nucleotide 
sequence corresponding to the target nucleic acid sequence or a portion thereof, and 
wherein the circular polynucleotide can be processed either in vivo or in vitro to generate an 
active siNA molecule capable of mediating RNAi. The siNA can also comprise a single 
30 stranded polynucleotide having nucleotide sequence complementary to nucleotide 
sequence in a target nucleic acid molecule or a portion fliereof (for example, where such 
siNA molecule does not require the presence within the siNA molecule of nucleotide 
sequence corresponding to the target nucleic acid sequence or a portion thereof), wherein 
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fhe single stranded polynucleotide can further comprise a terminal phosphate group, such 
as a 5'-phosphate (see for example MatAnez et al., 2002, Cell, 1 10, 563-574 and Schwarz 
et aLy 2002, Molecular Cell, 10, 537-568), or 5*,3*-diphosphate. In certain embodiment, 
the siNA molecule of the invention comprises separate sense and antisense sequences or 
5 regions, wherein the sense and antisense regions are covalmtly linked by nucleotide or 
non-nucleotide linkers molecules as is known in ttie art, or are alternately non-covalenfly 
linked by ionic interactions, hydrogen bonding, van der waals interactions, hydrophobic 
int^cations, and/or stacking interactions. In certain embodiments, Hhe siNA molecules of 
the invention comprise nucleotide sequence that is complementary to nucleotide sequence 
10 of a target gene. In another embodiment, fhe siNA molecule of the invention interacts witfi 
nucleotide sequence of a target gene in a manner tiiat causes inhibition of expression of die 
target gene. As used herein, siNA molecules need not be limited to fliose molecules 
containing only RNA, but further encompasses chemically-modified nucleotides and 
non-nucleotides. In certain embodiments, the short interfering nucleic acid molecules of 
15 ibe invention lack 2*-hydroxy (2'-OH) contahung nucleotides. Applicant describes in 
certain embodiments short interfering nucleic acids that do not require the presence of 
nucleotides having a 2-hydroxy group for mediating RNAi and as such, short interfering 
nucleic acid molecules of the invention optionally do not include any ribonucleotides (e.g., 
nucleotides having a 2*-OH group). Such siNA molecules that do not require the presence 
20 of ribonucleotides within the siNA molecule to support RNAi can however have an 
attached linker or liiikers or other attached or associated groups, moieties, or chains 
containing one or more nucleotides with 2*-OH groups. Optionally, siNA molecules can 
comprise ribonucleotides at about 5, 10, 20, 30, 40, or 50% of the nucleotide positions. The 
modified short interfering nucleic acid molecules of the invention can also be referred to as. 
,25 short interfering modified oligonucleotides "siMON." As used herein, the term siNA is 
meant to be equivalent to other terms used to describe nucleic acid molecules that are 
capable of mediating sequence specific RNAi, for example short interfering RNA (siRNA), 
double-stranded RNA (dsRNA), micro-RNA (miRNA), short hairpin RNA (shRNA), short 
interfering oligonucleotide, short interfering nucleic acid, short interfering modified 
30 oligonucleotide, chemically-modified siRNA, post-transcriptional gene silencing RNA 
(ptgsRNA), and others. In addition, as used herein, the term RNAi is meant to be 
equivalent to other terms used to describe sequence specific RNA interference, such as post 
transcriptional gene silencing, translational inhibition, or epigenetics. For example, siNA 
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region comprises fewer nucleotides than the antisense region to the extent that the sense 
region has enough complimentaiy nucleotides to base pair with the antisense region and 
form a duplex. For example, an asymmetric duplex siNA molecule of the invention can 
comprise an antisense region having length sufficient to mediate RNAi in a cell or in vitro 
5 system (e.g., about 19 to about 22 nucleotides) and a sense region havmg about 3 to about 
18 nucleotides that are complementary to the antiseiise region (see for example Figure 74). 

By "modulate" is meant that the expression of the gene, or level of RNA molecule or 
equivalent RNA molecules encoding one or more proteins or protein subunits, or activity of 
one or more proteins or protein subunits is up regulated or down regulated, such fliat 
1 0 expression, level, or activity is greater than or less than that observed m the absence of the 
modulator. For example, the term "modulate" can mean "inhibit," but the use of the word 
"modulate" is not limited to tiiis definition. 

By "inhibif % "down-regulate", or "reduce", it is meant that tfie expression of the gene, 
or level of RNA molecules or equivalent RNA molecules encoding one or more proteins or 

15 protein subunits, or activity of one or more proteins or protein subunits, is reduced below 
that observed in the absence of the nucleic acid molecules (e.g., siNA) of flie invention. In 
one embodiment, inhibition, down-regulation or reduction with an siNA molecule is below 
that level observed in the presence of an inactive or attenuated molecule. In another 
embodiment, inhibition, down-regulation, or reduction with siNA molecules is below that 

20 level observed in the presence of, for example, an siNA molecule with scrambl^ sequ^n^e 
or with mismatehesl In another embodiment^ inhibition, down-regulation, or reduction of 
gene expression with a nucleic acid molecule of the instant mvention is greater in the 
presence of the nucleic acid molecule than in its absence. 

By ••palindrome" or "repeat" nucleic acid sequence is meant a nucleic acid sequence 
25 whose 5'-to-3' sequence is identical to its complementary sequence in a duplex. For 
example, a palindrome sequence of the invention in a duplex can comprise sequence 
having the same sequence when one strand of the duplex is read in the 5'-to- 3' direction 
(left to right) and the sequence other strand based paired to it is read in the 3'- to- 5* 
direction (ri^t to left). In another example, a repeat sequence of flie invention can 
30 comprise a sequence having repeated nucleotides so arranged as to provide self 
complementarity when the sequence self-hybridizes (e.g., 5'-AUAU...-3'; 5'-AAUU...-3'; 
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5'-UAUA...-3*; 5'-UUAA...-3*; 5»-CGCG....3'; 5'-CCGG....3% 5'-GGCC.»-3^ 
5*-CCGG...-3'; or any expanded repeat thereof etc.)- The palindrome or repeat sequence 
can comprise about 2 to about 24 nucleotides in even numbers, (e.g., 2, 4, 6, 8, 10, 12, 14, 
16, 1 8, 20, 22, or 24 nucleotides). All Aat is required of ttie palmdrome or repeat sequence 
5 is that it comprises nucleic acid sequence whose 5*-to-3 ' sequence is identical when present 
in a duplex, either alone or as part of a longer nucleic acid sequence. The palindrome or 
repeat sequence of the invention can comprise chemical modificaitons as described herein 
that can fonn, for example, Watson Crick or non-Watson Crick base pairs. 

By "gene", or "target gene", is meant, a nucleic add that encodes an RNA, for 
10 example, nucleic acid sequences including, but ndt limited to, structural genes encoding a 
polypeptide. A gene or target gene can also encode a functional RNA (fRNA) or 
non-coding RNA (ncRNA), such as small temporal RNA (stRNA), micro RNA (miRNA), 
small nuclear RNA (snRNA), short interfering RNA (siRNA), small nucleolar RNA 
(snRNA), ribosomal RNA (rRNA), transfer RNA (flJNA) and precursor RNAs thereof. 
1 5 Such non-coding RNAs can sCTve as target nucleic acid molecules for siNA mediated RNA 
interference in modulating the activity of fRNA or ncRNA involved in functional or 
regulatory cellular processes. Abberant fRNA or ncRNA activity leading to disease can 
therefore be modulated by siNA molecules of the invention. siNA molecules targeting 
fRNA and ncRNA can also be used to manipulate or alter the genotype or phenotype of an 
20 organism or cell, by intervening in cellular processes such as genetic imprinting, 
transcription, translation, or nucleic acid processmg (e.g., transamination, methylatipn ete.)* 
The target gene can be a gene derived from a cell, an endogenous gene, a transgene, or 
exogenous genes such as genes of a pathogen, for example a virus, which is present in the 
cell after infection thereof The cell containing the target gene can be derived from or. 
25 contained in any organism, for example a plant, animal, protozoan, virus, bacterium, or 
fungus. Non-limiting examples of plants include monocots, dicots, or gymnosperms. 
Non-limiting examples of animals include vertebrates or invertebrates. Non-limiting 
examples of fimgi include molds or yeasts. 

By "non-canonical base pair'' is meant any non-Watson Crick base pair, such as 
30 mismatehes and/or wobble base pairs, including flipped mismatches, single hydrogen bond 
mismatches, trans-type mismatches, triple base interactions, and quadruple base 
interactions. Non-limiting examples of such non-canonical base pairs include, but are not 
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i limited to, AC reverse Hoogsteen, AC wobble, AU reverse Hoogsteen, GU wobble, AA N7 

amino, CC 2-carbonyl-amino(Hl>-N3-amino(H2), GA sheared, UC 4-carbonyl-amino, UU 
imino-carbonyl, AC reverse wobble, AU Hoogsteen, AU reverse Watson Crick, CG 
reverse Watson Crick, GC N3-amino-amino N3, AA Nl -amino symmetric, AA N7-amino 
5 symmetric, GA N7-N1 amino-carbonyl, GA-l- carbonyl-amino N7-N1, GG Nl-carbonyl 
symmetric, GG N3-amino symmetric, CC carbonyl-amino symmetric, CC N3-amino 
symmetric, UU 2-carbonyl-imino symmetric, UU 4-caibonyl-imino symmetric, AA 
amino-N3, AA Nl -amino, AC amino 2-carbonyl, AC N3-amino, AC N7-amino, AU 
amino-4.carbonyl, AU Nl-imino, AU N3-imino, AU N7-imino, CC carbonyl-amino, GA 
10 amino-Nl, GA amino-N7, GA carbonyl-amino, GA N3-amino, GC amino-N3, GC 
carbonyl-amino, GC N3-amino, GC N7-amino, GG amino-N7, GG carbonyl-imino, GG 
N7-amino, GU amino-2-carbonyl, GU carbonyl-imino, GU imino-2-carbonyl, GU 
N7-imino, psiU imino-2-carbonyl, UC 4-carbonyl-amino, UC imino-carbonyl, UU 
imino-4-carbonyl, AC C2-H-N3, GA carbonyl-C2-H, UU imino-4-carbonyl 2 
15 carbonyl-C5-H, AC amino(A) N3(C>carbonyl, GC imino amino-caibonyl, Gpsi 
imino-2-carbonyl amino-2- carbonyl, and GU imino amino-2-carbonyl base pairs. 

By •'homologous sequence" is meant, a nucleotide sequence that is shared by one or 
more polynucleotide sequences, such as genes, gene transcripts and/or non-coding 
polynucleotides. For example, a homologous sequence can be a nucleotide sequence that is 

20 shared by two or more genes encoding related but different proteins, such as different 
members of a gene femily (e.g., VEGF receptors such as VEGFrl, VEGFf2, and/or 
VEGFx3), different protein epitopes (e.g., different viral strains), different protein isoforms 
(e.g., VEGF A, B, C, and/or D) or completely divergent genes, such as a cytokine and its 
corresponding receptors (e.g., VEGF and VEGF receptors). A homologous sequence can 

25 be a nucleotide sequence that is shared by two or more non-coding polynucleotides, such as 
noncoding DNA or RNA, regulatory sequences, introns, and sites of transcriptional control 
or regulation. Homologous sequences can also include conserved sequence regions shared 
by more than one polynucleotide sequence. The homology does not need to be perfect 
homology (e.g., 100%), as partially homologous sequences are also contemplated by the 

30 instant invention (e.g., 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 
87%, 86%, 85%, 84%, 83%, 82%, 81%, 80% etc.). 
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By ^'conserved sequrace region" is meant, a nucleotide sequence of one or more 
regions in a polynucleotide that does not vaiy significandy betv^een generations or fiom 
cme biological system or organism to another biological system or organism. The 
polynucleotide can include both coding and non-coding DNA and RNA. 

S By "cancer" is meant a group of diseases characterized by uncontrolled growth and 

spread of abnomial cells. 

• By "sense region" is meant a nucleotide sequence of a siNA molecule having 
. complementarity to an antisense region of the siNA molecule. In addition, the sense region 
of a siNA molecule can comprise a nucleic acid sequence having homology with a target 
10 nucleic acid sequence. 

By "antisense region'* is meant a nucleotide sequence of a siNA molecule having 
complementarity to a target nucleic acid sequence. In addition, the antisense region of a 
siNA molecule can optionally comprise a nucleic acid sequence having complementarity to 
a sense region of the siNA molecule. 

IS By "target nucleic acid** is meant any nucleic acid sequence whose expiession or 

activity is to be modulated. The target nucleic acid can be DNA "target DNA" or KNA 
"taz^t RNA", such as endogenous DNA or RNA, viral DNA or viral KNA, or other RNA 
encoded by a gene, virus, bacteria, fungus, mammal, or plant. 

By "conq>lementarity" is meant that a nucleic acid can form hydrogen bond(s) with 
20 another nucleic acid sequence by either traditional Watson-Crick or other non-traditional 
types. In reference to the nucleic molecules of the present invention, the binding fiee 
energy for a nucleic acid molecule vnih its complemmtary sequence is sufficient to allow 
the relevant function of the nucleic acid to proceed, e.g., RNAi activity. Determination of 
binding free energies for nucleic acid molecules is well known in the art (see, e.g.. Turner et 
25 fl/., 1987, CSHSymp. Quant BioL LH pp.123-133; Frier et al, 1986, Proc. Nat Acad. Set. 
USA 83:9373-9377; Turner et al., 1987, J. Am. Chem. Sac. 109:3783-3785). A percent 
complementarity indicates the percentage of contiguous residues in a nucleic acid molecule 
ihat can form hydrogen bonds (e.g., Watson-Crick base pairing) with a second nucleic acid 
sequence (e.g., 5, 6, 7, 8, 9, or 10 nucleotides out of a total of 10 nucleotides in the first 
30 oligonuelcotide being based paired to a second nucleic acid sequence having 1 0 nucleotides 
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represents 50%, 60%, 70%, 80%, 90%, and 100% complementary respectively). "Perfectly 
complementary" means that all the contiguous residues of a nucleic acid sequence will 
hydrogen bond with the same number of contiguous residues in a second nucleic acid 
sequence. 

5 The siNA molecules of the invention represent a novel tiierapeutic approach to a 

broad spectrum of diseases and conditions, including cancer or cancerous disease, 
infectious disease, cardiovascular disease, neurologic disease, ocular disease, prion disease, 
inflammatory disease, autoimmune disease, pulmonary disease, renal disease, liver disease, 
mitochondrial disease, mdocrine disease, reproduction related diseases and conditions as 
10 are known in the art, and any other indications that can respond to tiie level of an expressed 
gene .product in a cell or org^nsim (see for example McSwiggen, International PCT 
Publication No. WO 03/74654). 

By "proliferative disease" or "cancel' as used herein is meant, any disease, condition, 
trait, genotype or phenotype characterized by unregulated cell growth or replication as is 

1 5 known in the art, including AIDS related cancers such as Kaposi's sarcoma; breast cancers; 
bone cancers such as Osteosarcoma, Chondrosarcomas, Ewing's sarcoma. Fibrosarcomas, 
Giant cell tumors. Adamantinomas, and Chordomas; Brain cancels such as Meningiomas, 
Glioblastomas, Lower-Grade Astrocytomas, Oligodendrocytomas, Pituitary Tumors, 
Schwannomas, and Metastatic brain cancers; cancers of the head and neck including 

20 various lymphomas such as mantie cell lymphoma, non-Hodgkins lynqphoma, adenoma, 
squamous cell carcinoma^ laryngeal carcinoma, gallbladder and bile duct cancers, cancers 
of the retina such as retinoblastoma, cancers of the esophagus, gastric cancers, multiple 
myeloma, ovarian cancer, uterine cancer, thyroid cancer, testicular cancer, endometrial 
cancer, melanoma, colorectal cancer, lung cancer, bladder cancer, prostate cancer, lung 

25 cancer (including non-small gell lung carcinoma), pancreatic cancer, sarcomas, Wilms' 
- tumor, cervical cancer, head and neck cancer, skin cancers, nasopharyngeal carcinoma, 
liposarcoma, epithelial carcinoma, renal cell carcinoma, gallbladder adeno carcinoma, 
parotid adenocarcinoma, endometrial sarcoma, multidrug resistant cancers; and 
proliferative diseases and conditions, such as neovascularization associated with tumor 

30 angiogenesis, macular degeneration (e.g., wet/dry AMD), corneal neovascularization, 
diabetic retinopathy, neovascular glaucoma, myopic degeneration and ottier proliferative 
diseases and conditions such as restenosis and polycystic kidney disease, and any other 
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cancer or proliferative disease, condition, trait, genotype or phenotype lliat can respond to 
the modulation of disease related gene expression in a cell or tissue, alone or in 
combination with other therapies. 

By ^inflammatory disease" or "inflammatory condition'* as used herein is meant any 
5 disease, condition, trait, genotype or phenotype characterized by an inflammatory or 
allergic process as is known in the art, such as inflammation, acute inflammation, chronic 
inflammation, atherosclerosis, restenosis, asthma, allergic rhinitis, atopic dermatitis, septic 
shock, rheumatoid arthritis, inflammatory bowl disease, inflanunotoiy pelvic disease, pain, 
ocular inflammatory disease, celiac disease, Leigh Syndrome, Glycerol Kinase Deficiency, 
10 Familial eosinophilia (F£), autosomal recessive spastic ataxia, laryngeal inflanunatory 
disease; Tuberculosis, Chronic cholecystitis. Bronchiectasis, Silicosis and other 
pneumoconioses, and any otiiier inflammatory disease, condition, trait, genotype or 
phenotype that can respond to the modulation of disease related gene expression in a cell or 
tissue, alone or in combination with other therapies. 

IS By "autoimmune disease*' or "autoimmune condition" as used herein is meant, any 

disease, condition, trait, genotype or phenotype characterized by autoimmunity as is known 
in the art, such as multiple sclerosis, diabetes mellitus, lupus, celiac , disease, Crohn's 
disease, ulcerative colitis, Guillain-Barre syndrome, scleroderms, Goodpasture's syndrome, 
Wegener's granulomatosis, autoimmune epilepsy, Rasmussen's encephalitis. Primary 

20 biliary sclerosis. Sclerosing cholangitis. Autoimmune hepatitis, Addison's dis^ise, 
Hashimoto's thyroiditis. Fibromyalgia, Menier's syndrome; transplantation rejection (e.g., 
prevention of allograft rejection) pernicious anemia, rheumatoid arthritis, systemic lupus 
erythematosus, dermatomyositis, Sjogren's syndrome, lupus erythematosus,- multiple 
sclerosis, myasthenia gravis, Reitefs syndrome. Grave's disease, and any otiier 

25 autoimmune disease, condition, trait, genotype or phenotype tiiat can respond to the 
modulation of disease related gene expression in a cell or tissue, alone or in combination 
with other therapies. 

By *^uerologic disease" or "neurological disease" is meant ax^ disease, disorder, or 
condition affecting the central or peripheral nervous system, inlcuding ADHD, AIDS - 
30 Neurological Complications, Absence of the Septum Pellucidimi, Acquired Epileptiform 
Aphasia, Acute Disseminated Encephalomyelitis, Adrenoleukodystrophy, Agenesis of the 
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Corpus Callosum, Agnosia, Aicardi Syndrome, Alexander Disease, Alpers' Disease, 
Alternating Hemiplegia, Alzheimer's Disease, Amyotrophic Lateral Sclerosis, 
Anencephaly, Aneurysm, Angehnan Syndrome, Angiomatosis, Anoxia, Aphasia, Apraxia, 
Arachnoid Cysts, Arachnoiditis, Amold-Chiari Malformation, Arteriovenous 
5 Malformation, Aspartame, Asperger Syndrome, Ataxia Telangiectasia, Ataxia, Attention 
Deficit-Hyperactivity Disorder, Autism, Autonomic Dysfunction, Back Pain, Barth 
Syndrome, Batten Disease, Behcet's Disease, Bell's Palsy, Benign Essential 
Blepharospasm, Benign Focal Amyotrophy, Benign Intracranial Hypertension, 
Bemhardt-Roth Syndrome, Binswanger's Disease, Blepharospasm, Bloch-Sulzberger 
10 Syndrome, Brachial Plexus Birth Injuries, Brachial Plexus Injuries, Bradbury-Eggleston 
Syndrome, Brain Aneurysm, Brain Injxuy, Brain and Spinal Tumors, Brown-Sequaid 
Syndrome, Bulbospinal Muscular Atrophy, Canavan Disease, Carpal Tunnel Syndrome, 
Causalgia, Cavemomas, Cavernous Angioma, Cavernous Malformation, Central Cervical 
Cord Syndrome, Central Cord Syndrome, Central Pain Syndrome, Cephalic Disorders, 
15 Cerebellar Degeneration, Cerebellar Hypoplasia, Cerebral Aneurysm, Cerebral 
Arteriosclerosis, Cerebral Atrophy, Cerebral Beriberi, Cerebral Gigantism, Cerebral 
Hypoxia, Cerebral Palsy, Cerebro-Oculo-Facio-Skeletal Syndrome, Charcot-Marie-Tootii 
Disorder, Chiari Malformation, Chorea, Choreoacanthocytosis, Chronic Inflammatory 
Demyelinating Polyneuropathy (CIDP), Chronic Orthostatic Litolerance, Chronic Pain, 
20 Cockayne Syndrome Type n. Coffin Lowry Syndrome, Coma, including Persistent 
Vegetative State, Complex Regional Pain Syndrome, Congenital Facial Diplegia, 
. ...Congenital Myasthenia, Congenital Myopathy, Congenital Vascular Cavmious 
Malformations, Corticobasal Degeneration, Cranial Arteritis, Craniosynostosis, 
Cteutzfeldt-Jakob Disease, Cumulative Trauma Disorders, Cushmg's Syndrome, 
25 Cytomegalic Inclusion Bodjr Disease (CIBD), Cytomegalovirus Infection, Dancing 
Eyes-Dancing Feet Syndrome, Dancty-Walker Syndrome, Dawson Disease, De Morsier's 
Syndrome, Dejerine-Klumpke Palsy, Dementia - Multi-Infarct, Dementia - Subcortical, 
Dementia With Lewy Bodies, Dermatomyositis, Developmental Dyspraxia, Devic's 
Syndrome, Diabetic Neuropathy, Diffuse Sclerosis, Dravet*s Syndrome, Dysautonomia, 
30 Dysgraphia, Dyslexia, Dysphagia, Dyspraxia, Dystonias, Early Infantile Epileptic 
Encephalopathy, Empty Sella Syndrome, Encephalitis Lethargica, Encephalitis and 
Meningitis, Encephaloceles, Encephalopatiiy, Encephalotrigeminal Angiomatosis, 
Epilepsy, Erb's Palsy, Erb-Duchenne and Dejerine-Klumpke Palsies, Fabry's Disease, 
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Pain's Syndrome, Fainting, Familial Dysautonomia, Familial Hemangioma, Familial 
Idiopathic Basal Ganglia Calcification, Familial Spastic Paralysis, Febrile Seizures (e.g., 
GEFS and GEFS plus). Fisher Syndrome, Floppy Infant Syndrome, Friedreich's Ataxia, 
Gaucher's Disease, Gerstmann's Syndrome, Gerstmann-Straussler-Scheinker Disease, 
5 Giant Cell Arteritis, Giant Cell Inclusion Disease, Globoid Cell Leukodystrophy, 
Glossopharyngeal Neuralgia, Guillain-Barre Syndrome, HTLV-1 Associated Myelopathy, 
Hallervorden-Spatz Disease, Head Injury, Headache, Hemicrania Contmua, Hemifacial 
Spasm, Hemiplegia Alterans, Hereditary Neuropathies, Hereditary Spastic Paraplegia, 
HeredopatMa Atactica Polyneuritiformis, Herpes Zoster Oticus, Herpes Zoster, Hirayama 
iO Syndrome, Holoprosencephaly, Huntington's Disease, Hydianencephaly, Hydrocephalus - 
Normal Pressure, Hydrocephalus, Hydromyelia, Hypercortisolism, Hypersomnia, 
Hypertonia, Hypotonia, Hypoxia, Immune-Mediated Encephalomyelitis, Inclusion Body 
Myositis, fiicontinentia Pigmenti, Infantile Hypotonia, bifantile Phytanic Acid Storage 
Disease, Infantile Refsum Disease, Infantile Spasms, Inflammatory Myopathy, Intestinal 
15 Lipodystrophy, Intracranial Cysts, Intracranial Hypertension, Isaac's Syndrome, Joubert 
Syndrome, Keams-Sayre Syndrome, Kennedy*s Disease, Kinsboume syndrome, 
Kleine-Levin syndrome, Klippel Feil Syndrome, Klippel-Trenaunay Syndrome (KTS), 
Klfiver-Bucy Syndrome, KorsakofTs Amnesic Syndrome, Krabbe Disease, 
Kugelberg-Welander Disease, Kum, Lambert-Eaton Myasthenic Syndrome, 
20 Landau-Klefi6ier Syndrome, Lateral Femoral Cutaneous Nerve Entrapment, Lateral 
Medullary Syndrome, Leammg Disabilities, Leigih's Disease, Lennox-Gastaut Syndrome, 
Lesch-Nyhan Syndrome," Leukodystrophy, Levine-CritcMey Syridiome, Lewy Boify 
Dementia, Lissencephaly, Locked-In Syndrome, Lou Gehrig's Disease, Lupus - 
Neurological Sequelae, Lyme Disease - Neurological Complications, Machado-Joseph 
25 Disease, Macrencephaly, Megalencephaly, Melkersson-Rosenthal Syndrome, Menmgitis, 
Menkes Disease, Meralgia Paresthetica, Metachromatic Leukodystrophy, Microcephaly, 
Migraine, Miller Fisher Syndrome, Mini-Strokes, Mitochondrial Myopatiues, Mobius 
Syndrome, Monomelic Amyotrophy, Motor Neuron Diseases, Moyamoya Disease, 
Mucolipidoses, Mucopolysaccharidoses, Multi-Infarct Dementia, Multifocal Motor 
30 Neuropathy, Multiple Sclerosis, Multiple System Atrophy witih Orthostatic Hypotension, 
Multiple System Atrophy, Muscular Dystrophy, Myasthenia - Congenital, Myasthenia 
Gravis, Myelinoclastic Diffuse Sclerosis, Myoclonic Encephalopathy of Infants, 
Myoclonus, Myopathy - Congenital, Myopathy - Thyrotoxic, Myopathy, Myotonia 
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Congenita, Myotonia, Narcolepsy, Nemoacanthocytosis, Neuiodegeneration wifli Brain 
Iron Accumulation, Neurofibiomatosis, Neuroleptic Malignant Syndrome, Neurological 
Complications of AIDS, Neurological Manifestations of Pompe Disease, (Neuromyelitis 
Optica, Neuromyotonia, Neuronal Ceroid Lipofuscinosis, Neuronal Migration Disorders, 
5 Neuropathy - Hereditary, Neurosarcoidosis, Neurotoxicity, Nevus Cavemosus, 
Niemann-Pick Disease, O'SuUivan-McLeod Syndrome, Occipital Neuralgia, Occult Spinal 
Dysraphism Sequence, Ohtahara Syndrome, Olivopontocerebellar Atrophy, Opsoclonus 
Myoclonus, Orthostatic Hypotension, Overuse Syndrome, Pain - Chronic, Paraneoplastic 
Syndromes, Paresthesia, Parkinson's Disease, Parmyotonia Congenita, Paroxysmal 
10 Choreoathetosis, Paroxysmal Hemicrania, Parry-Romberg, Pelizaeus-Merzbacher Disease, 
Pena Shokeir n Syndrome, Perineural Cysts, Periodic Paralyses, Peripheral Neuropattiy, 
Periventricular Leukomalacia, Persistent Vegetative State, Pervasive Developmental 
Disorders, Phytanic Acid Storage Disease, Pick's Disease, Piriformis Syndrome, Pituitary 
Tumors, Polymyositis, Pompe Disease, Porencephaly, Post-Polio Syndrome, Posdieipetic 
IS Neuralgia, Postinfectious Encephalomyelitis, Postural Hypotension, Postural Orthostatic 
Tachycardia Syndrome, Postural Tachycardia Syndrome, Primary Lateral Sclerosis, Prion 
Diseases, Progressive Hemifacial Atrophy, Progressive Locomotor Ataxia, Progressive 
Multifocal Leukoencephalopathy, Progressive Sclerosing Poliodystrophy, Progressive 
Supmnuclear Palsy, Pseudotumor Cerebri, Pyridoxine Dependent and Pyridoxine 
20 Responsive Siezure Disorders, Ramsay Himt Syndrome Type I, Ramsay Hunt Syndrome 
'.^ Typo n» RasmussOT's Encephalitis and o&er autoimmune epilepsies. Reflex Sympathetic 
Dystrophy Syndrome, Refsum IMsease - Infantile, Refsum Disease, Repetitive Motion 
Disorders, Repetitive Stress Injuries, Restless Legs Syndrome, Retrovirus-Asspciated 
Myelopathy, Rett Syndrome, Reye's Syndrome, Riley-Day Syndrome, SUNCT Headache, 
25 Sacral Nerve Root Cysts, Saint Vitus Dance, Salivary Gland Disease, Sandhoff Disease, 
Schilder's Disease, Schizencephaly, Seizure Disorders, Septo-Optic Dysplasia, Severe 
Myoclonic Epilepsy of Infancy (SMEI), Shaken Baby Syndrome, Shingles, Shy-Drager 
Syndrome, Sjogrerfs Syndrome, Sleep Apnea, Sleeping Sickness, Soto*s Syndrome, 
Spasticity, Spina Bifida, Spinal Cord Infarction, Spinal Cord Injury, Spinal Cord Tumors, 
30 Spinal Muscular Atrophy, Spinocerebellar Atrophy, Steele-Richardson-Olszewski 
Syndrome, Stiff-Person Syndrome, Striatonigral Degeneration, Stroke, Sturge-Weber 
Syndrome, Subacute Sclerosing Panencephalitis, Subcortical Arteriosclerotic 
Encephalopathy, Swallowing Disorders, Syderiham Chorea, Syncope, Syphilitic Spinal 



MBHB 03-46S.E; (400/160) 

Sclerosis, Syringohydromyelia, Syringomyelia, Systemic Lupus Eiyttiematosus, Tabes 
Dorsalis, Tardive Dyskinesia^ Tarlov Cysts, Tay-Sachs Disease, Temporal Arteritis, 
Tethered Spinal Cord Syndrome, Thomsen Disease, Thoracic Outlet Syndrome, 
Thyrotoxic Myopathy, Tic Douloureux, Todd's Paralysis, Tourette Syndrome, Transimt 

5 Ischemic Attack, Transmissible Spongiform Encephalopafliies, Transverse Myelitis, 
Traumatic Brain Injury, Tremor, Trigeminal Neuralgia, Tropical Spastic Paraparesis, 
Tuberous Sclerosis, Vascular Erectile Tumor, Vasculitis including Temporal Arteritis, Von 
Economo's Disease, Von Hippel-Lindau disease (VHL), Von Recklinghausen's Disease, 
Wallenberg's Syndrome, Weidnig-Hofiinan Disease, Wemicke-KoraakoflF Syndrome, 

10 West Syndrome, Whipple's Disease, Williams Syndrome, Wilson's Disease, X-Linked 
Spinal and Bulbar Muscular Atrophy, and Zellweger Syndrome. 

By "infectious disease" as used herein is meant any disease, condition, trait, genotype 
or phenotype associated with an infectious agent, such as a virus, bacteria, fungus, prion, or 
parasite. Non-limiting examples of various viral genes that can be targeted using siNA 
15 molecules of tiie invention include Hepatitis C Virus (HCV, for example Genbank 
Accession Nos: D11168, D50483.1, L38318 and S82227), Hepatitis B Virus (HBV, for 
example GenBank Accession No. AF100308.1), Human Immunodeficiency Virus type 1 
(HTV-l, for example GenBank Accession No. U51 188), Human Immunodeficiency Virus 
type 2 (HIV-2, for example GenBank Accession No. X60667), West Nile Virus (WNV for 
20 example GenBank accession No. NCJ001563), cytomegalovirus (CMV for ^ample 
GenBaiik Accession No. NCJ)01347), respiratory syncytial virus (RSV for example 
GenBank Accession No. NCJ)01781), influenza virus (for example example GenBank 
Accession No. AF037412, rfainovkus (for example, GenBank accession numbera: 1500239, 
X02316, x6l087, L24917, M16248, K02121, X01087), papillomavirus (for example 
25 GenBank Accession No. NC J)01353), Herpes Simplex Virus (HSV for example GenBank 
Accession No. NC_001345), and other viruses such as HTLV (for example GenBank 
Accession No. AJ430458). Due to flie high sequence variability of many viral genomes, 
selection of siRNA molecules for broad therapeutic applications would likely involve the 
conserved regions of ttie viral genome. Nonlimiting examples of conserved regions of the 
30 viral genomes include but are not limited to 5'-Non Coding Regions (NCR), 3*- Non 
Coding Re^ons (NCR) and/or internal ribosome entry sites (IRES). siRNA molecules 
designed against conserved regions of various viral genomes' will enable efficient 
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inhibition of viral replication in diverse patient populations and may ensure the 
effectiveness of the siRNA molecules against viral quasi species which evolve due to 
mutations in the non-conserved regions of the viral genome. Non-limiting examples of 
bacterial infections include Actinomycosis, Anthrax, Aspergillosis, Bacteremia, Bacterial 
5 Infections and Mycoses, Bartonella Infections, Botulism, Brucellosis, Burkholderia 
Infections, Campylobacter Infections, Candidiasis, Cat-Scratch Disease, Chlamydia 
Infections, Cholera , Clostridium Infections, Coccidioidomycosis, Cross Infection, 
Cryptococcosis, Dermatomycoses, Dermatomycoses, Diphtheria, Ehrlichiosis, Escherichia 
coli Infections, Fasciitis, Necrotizing, Fusobacterium Infections, Gas Gangrene, 
10 Gram-Negative Bacterial Infections, Gram-Positive Bacterial Infections, Histoplasmosis, 
Impetigo, Klebsiella Infections, Legionellosis, Leprosy, Leptospirosis, Listeria Infections, 
Lyme Disease, Maduromycosis, Melioidosis, Mycobacterium Infections, Mycoplasma 
Infections, Mycoses, Nocaidia Infections, Onychomycosis, Ornithosis, Plague, 
Pneumococcal Infections, Pseudomonas Infections, Q Fever, Rat-Bite Fever, Relapsing 
1 5 Fever, Rheumatic Fever, Rickettsia Infections, Rocky Mountain Spotted Fever, Sahnonella 
Infections, Scarlet Fever, Scrub Typhus, Sepsis, Sexually Transmitted Diseases - Bacterial, 
Bacterial Skin Diseases, Staphylococcal Infections, Streptococcal bifections. Tetanus, 
Tick-Borne Diseases, Tuberculosis, Tularemia, Typhoid Fever, Typhus, Epidemic 
Louse-Borne, Vibrio Infections, Yaws, Yersinia Infections, Zoonoses, and Zygomycosis. 
20 Nonrlimiting examples of fungal infections include Aspergillosis, Blastomycosis, 
Coccidioidomycosis, Cryptococcosis, Fungal Infections of Fingernails and Toenails, 
Fungal Sinusitis,'Hist6plasmosis, Histoplasmosis, Mucormycosis, Nail Fungal Infection, 
Paracoccidioidomycosis, Sporotrichosis, Valley Fever (Coccidioidomycosis), and Mold 
Allergy, 

25 By '*ocular disease*' as used herein is meant, any disease, condition, trait, genotype or 

phenotype of the eye and related structures, such as Cystoid Macular Edema, Asteroid 
Hyalosis, Pathological Myopia and Posterior Staphyloma, Toxocariasis (Ocular Larva 
Migrans), Retinal Vein Occlusion, Posterior Vitreous Detachment, Tractional Retinal 
Tears, Epiretinal Membrane, Diabetic Retinopathy, Lattice Degeneration, Retinal Vein 

30 Occlusion, Retinal Artery Occlusion, Macular Degeneration (e.g., age related macular 
degeneration such as wet AMD or dry AMD), Toxoplasmosis, Choroidal Melanoma, 
Acquired Retinoschisis, Hollehhorst Plaque, Idiopatiiic Central Serous Chorioretinopathy, 
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Macular Hole, Presumed Ocular Histoplasmosis Syndrome, Retinal Macroaneursym, 
Retinitis Pigmentosa, Retinal DetacUment, Hypertensive Retinopathy, Retinal Pigment 
^ifhelium (RPE) Detachment, Papillophlebitis, Ocular Ischemic Syndrome, Coats' 
Disease, Leber's Miliary Aneurysm, Conjunctival Neoplasms, Allergic Conjunctivitis, 

S Vernal Conjunctivitis, Acute Bacterial Conjunctivitis, AUetgic Conjunctivitis &Vemal 
Keratoconjunctivitis, Viral Conjunctivitis, Bacterial Conjunctivitis, Chlamydial & 
Gonococcal Conjunctivitis, Conjunctival Laceration, Episcleritis, Scleritis, Pmgueculitis, 
Pterygium, Superior Limbic Keratoconjunctivitis (SLK of Theodore), Toxic Conjunctivitis, 
Conjunctivitis with Pseudomembrane, Giant Papillary Conjunctivitis, Teirien's Marginal 

10 Degeneration, Acanthamoeba Keratitis, Fungal Keratitis, Filamentary Keratitis, Bacterial 
Keratitis, Keratitis Sicca/Dry Eye Syndrome, Bacterial Keratitis, Herpes Simplex Keratitis, 
Sterile Corneal Infiltrates, PUyctenulosis, Corneal Abrasion & Recurrent Corneal Erosion, 
Corneal Foreign Body, Chemical Burs, Epitiielial Basement Membrane Dystrophy 
(EBMD), Thygeson*s Superficial Punctate Keratopathy, Corneal Laceration, Salzmann's 

15 Nodular Degeneration, Fuchs* Endothelial I>ystcophy, Crystalline Lens Subluxation, 
Ciliary-Block Glaucoma, Primary Open-Angje Glaucoma, Pigment Dispersion Syndrome 
and Pigmentary Glaucoma, Pseudoexfoliation Syndrom and Pseudoexfoliative Glaucoma, 
Anterior Uveitis, Primary Open Angle Glaucoma, Uveitic Glaucoma & 
Glaucomatocyclitic Crisis, Pigment Dispersion Syndrome & Pigmentary Glaucoma, Acute 

20 Angle Closure Glaucoma, Anterior Uveitis, Hyphema, Angle Recession Glaucoma,. Lens 
..Induced Glaucoma, Pseudoexfoliation Syndrome and Pseudoexfoliative Glaucoma^ 
Axenfeld-Rieger Syndirome, Neovascular Glaucoma, Pars Planitis, Choroidal Rujpture, 
Duane's Retraction Syndrome, Toxic/Nutritional Optic Neuropathy, Aberrant 
Regeneration of Cranial Nerve in. Intracranial Mass Lesions, Carotid-Cavernous Sinus 

25 Fistula, Anterior Ischemic Optic Neuropathy, Optic Disc Edema & Papilledema, Cranial 
Nerve HI Palsy, Cranial Nerve IV Palsy, Cranial Nerve VI Palsy, Cranial Nerve VH (Facial 
Nerve) Palsy, Homer's Syndrome, Intemuclear Ophthalmoplegia, Optic Nerve Head 
Hypoplasia, Optic Pit, Tonic Pupil, Optic Nerve Head Dmsen, Demyelinatuig Optic 
Neuropathy (Optic Neuritis, Retrobulbar Optic Neuritis), Amaurosis Fugax and Transient 
30 Ischemic Attack, Pseudotumor Cerebri, Pituitary Adenoma, Molluscum Contagiosum, 
Canaliculitis, Vemica and Papilloma, Pediculosis and Pthiriasis, Blepharitis, Hordeolum, 
Preseptal Cellulitis, Chalazion, Basal Cell Carcinoma, Herpes Zoster Ophthalmicus, 
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Pediculosis & Phthiriasis, Blow-out Fracture, Chronic Epiphora, Dacryocystitis, Herpes 
Simplex Blepharitis, Orbital Cellulitis, Senile Entropion, and Squamous Cell Carcinoma. 



In one embodiment of the present invention, each sequence of a siNA molecule of the 
invention is independently about 18 to about 24 . nucleotides in lengOi, in specific 

5 embodiments about 18, 19, 20, 21, 22, 23, or 24 nucleotides in length. Jn anoflier 
embodiment, the siNA duplexes of the invention independently comprise about 17 to about 
23 base pairs about 17, 18, 19, 20, 21, 22 or 23). In yet anoflier embodiment, siNA 
molecules of the invention comprising hairpin or circular structures are about 35 to about 
^ 55 (e^.. about 35, 40, 45, 50 or 55) nucleotides in lengdi, or about 38 to about 44 (e.g., 38, 

10 39, 40, 41, 42, 43 or 44) nucleotides in length and comprising about 16 to about 22 

about 16, 17, 18, 19, 20, 21 or 22) base pairs. Exemplary siNA molecules of the invention 
are shown in Table I. and/or Figures 18-19. 

As used herein "cell" is used in its usual biological sense, and does not refer to an 
entire multicellular organism, e.g., specifically does not refer to a human. The cell can be 
1 5 present in an organism, e.g., birds, plants and mammals such as humans, cows, sheep, apes, 
monkeys, swine, dogs, and cats. The cell can be prokaryotic (e.g., bacterial cell) or 
eukaryotic (e.g., mammalian or plant cell). The cell can be of somatic or germ line origin, 
totipotent or pluripotent, dividing or non-dividing. The cell can also be derived firom or can 
comprise a gamete or embryo, a stem cell, or a folly difTerentiated cell. 

20 The siNA molecules of tiie invention are added directiy, or can be complexed with 

cationic lipids, packaged within liposomes, or otherwise delivered to target cells or tissues. 
The nucleic acid or nucleic acid complexes can be locally administered to relevant tissues 
ex vfvo, or fit vivo through injection, infosion pump or stent, with or without their 
incorporation in biopolymers. In particular embodiments, the nucleic acid molecules of the 

25 invention comprise sequences shown in Table I and/or Figures 18-19. Examples of such 
nucleic acid molecules consist essentially of sequences defined in these tables and figures. 
Furthermore, the chemically modified constmcts described in Table IV can be applied to 
any siNA sequence of the invention. 

In another aspect, the invention provides mammalian cells containing one or more 
30 siNA molecules of tins invention. The one or more siNA molecules can independentiy be 
targeted to the same or difTerent sites. 
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By "RNA" is meant a molecule comprising at least one ribonucleotide residue. By 
"ribonucleotide" is meant a nucleotide wifli a hydroxyl group at the 2' position of a 
P-D-ribo-furanose moiety. The terms include double-stianded RNA, single-stranded RNA, 
isolated RNA such as partially purified RNA, essentially pure RNA, synthetic RNA, 
5 recombinantly produced RNA, as weU as altered RNA that jdiflfers from naturally occurring 
RNA by the addition, deletion, substitution and/or alteration of one or more nucleotides. 
Such alterations can include addition of non-nucleotide material, such as to the end(s) of 
the siNA or mtemally, for example at one or more nucleotides of ttie RNA. Nucleotides in 
the RNA molecules of flie instant invention can also comprise non-standard nucleotides, 
10 such as non-naturally occurring nucleotides or chemically synthesized nucleotides or 
deoxynucleotides. These altered RNAs can be referred to as analogs or analogs of 
naturally-occurring RNA. 

By "subject" is meant an organism, which is a donor or recipient of explanted cells or 
the cells themselves. "Subject" also refers to an organism to which the nucleic acid 
1 5 molecules of the invention can be administered. A subject can be a manmial or mammalian 
cells, including a human or human cells. 

The term "ligand" refers to any compound or molecule, such as a drug, peptide, 
hormone, or neurotransmitter, flmt is capable of interacting with another compound, such 
as a receptor, either directly or indirectly. The receptor fliat mteracts witti a li^nd can be 
20 present on the sur&ce of a cell or can alternately be an interculliilar receptor, hiteraction of 
the ligand witii the receptor can result in a biochemical reaction, or can simply be a physical 
interaction or association. 

The term "phosphorotiiioate" as used herein refers to an intemucleotide linkage 
having Formula I, wherein Z and/or W comprise a sulfur atom. Hence, the term 
25 phosphorothioate refers to both phosphorothioate and phosphorodithioate intemucleotide 
linkages. 

The term ••phosphonoacetate" as used herein refers to an intemucleotide linkage 
having Formula I, wherein Z and/or W comprise an acetyl or protected acet^'l group. 

The term "thiophosphonoacetate" as used herein refers to an intemucleotide linkage 
30 having Formula I, wherein Z comprises an acetyl or protected acetyl group and W 
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ovarian cancer, melanoma, lymphoma, glioma, endometrial sarcoma, multidrug resistant 
cancers, diabetic retinopathy, macular degeneration, age related macular degeneration, 
neovascular glaucoma, myopic degeneration, arthritis, psoriasis, endometriosis, female 
reproduction, verruca vulgaris, angiofibioma of tuberous sclerosis, pot-wine stains, Sturge 
5 Weber syndrome, Kippel-Trenaunay-Weber syndrome, Osler-Weber-Rendu syndrome, 
renal disease such as Autosomal dominant polycystic kidney disease (ADPKD), restenosis, 
arterioscleiosis, and any other diseases or conditions that are related to gene expression or 
will respond to RNA interference in a cell or tissue, alone or in combination with other 
therapies. 

10 In one embodiment, the invention features a method for treating or preventing an 

ocular disease, condition, trait, genotype or phenotype in a subject, wherein the ocular 
disease, conchtion^ trait, genotype or phenotype is related to angiogenesis or 
neovascularization, comprising administering to the subject a siNA molecule of the 
invention under conditions suitable for the treatment or prevention of the disease, condition, 
15 trait, genotype or phenotype in flie subject, alone or in conjunction with one or more other 
therapeutic compounds. In another embodiment, the ocular disease, condition, trait, 
genotype or phenotype comprises macular degeneration, age related macular degeneration, 
diabetic retinopathy, neovascular glaucoma, myopic degeneration, trachoma, scarring of 
the eye, cataract, ocular inflammation and/or ocular infections. 

20 Jn one embodfanent, tiie invention features a metiiod for treating or preventing tumor 

angiogenesis in a subject, comprismg administering to the subject a siNA molecule of the 
invention under conditicms suitable for the treatment or prevention of tumor angiogenesis 
in the subject, alone or in conjunction wifli one or more other therapeutic compounds. 

In one embodiment, the invention features a method for treating or preventing vural 
25 infection or replication in a subject, comprising administering to the subject a siNA 
molecule of the invention imder conditions suitable for the treatment or prevention of viral 
infection or replication in the subject, alone or in conjunction with one or more other 
therapeutic compounds- . 

In one embodiment, the invention features a method for treating or preventing 
30 autoimmune disease in a subject, comprising administering to the subject a siNA molecule 
of the invention under conditions suitable for the treatment or prevention of autoimmune 
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Osler-Weber-Rendu syndrome, renal disease such as Autosomal dominant polycystic 
kidney disease (ADPKD), restenosis, arteriosclerosis, and any ofbsr diseases or conditions 
that are related to gene expression or will respond to RNA interference in a cell or tissue, 
alone or in combination with other therapies* 

r 

5 In one embodiment, the invention features a method for treating or preventing an 

ocular disease or condition in a subject, wherein the ocular disease or condition is related to 
angiogenesis or neovascularization (such as those involving genes in the vascular 
endothelial growth factor, VEGF pathway or TGF-beta pathway), comprising 
administering to the subject a siNA molecule of the invention under conditions suitable for 
10 the treatment or prevention of the disease or condition in the subject, alone or in 
conjunction with one or more other therapeutic compounds. In another embodiment, the 
ocular disease or condition comprises macular degeneration, age related macular 
degeneration, diabetic retinopatiiiy, macular adema, neovascular glaucoma, myopic 
degeneration, trachoma, scarring of the eye, cataract, ocular inflammation and/or ocular 
IS infections. 

In one embodiment, the invention features a method of locally administering (e.g., by 
injection, sudi as intraocular, intratumoral, periocular, intracranial, etc., topical 
administration, catheter or the like) to a tissue or cell (e.g., ocular or retinal, bram, CNS) a 
siNA molecule or a vector expressing siNA molecule, comprising nucleotide sequence that 
20 is complementary to nucleotide sequence of target RNA, or a portion thereof, (e.g., tarjget 
RNA encoding VEG¥ or a VEGF receptor) comprising contacting said tissue of cell with 
said double stranded RNA under conditions suitable for said local administration. 

Iti one ^bodimentyiOie invention features a method of topically adinanistering (e.g. 

♦ 

by dermal, transdermal, hair follicle administxation etc.,) to a tissue, organ or cell (e.g., skin, 
25 hair folUcle) a siNA molecule or a vector expressing siNA molecule, comprising nucleotide 
sequence tiiat is complementary to nucleotide sequence of target RNA, or a portion thereof, 
expressed in such organ, cell or tissue (e.g., hairless gene, 5-alpha reductase, nude gene, 
desmoglem 4 gene, TGF-beta, PDGF, BCL-2 and the like) comprising contacting said 
tissue of cell with said double stranded RNA under conditions suitable for said topical 
30 administration. Such topical administration can be used to treat dermatological disease, 
indication, conditions, trait, genotype or phenotype, or for cosmetic applications such as 
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acne, psoriasis, melanoma, allopecia, hair temoval etc. In one embodiment, the invention 
features a metfiod of systemically administering (e.g., by injection, such as subcutaneous, 
intravenous, topical administration, or the like) to a tissue or cell in a subject, a double 
stranded RNA formed by a siNA molecule or a vector expressing siNA molecule 
5 comprising nucleotide sequence that is complementary to nucleotide sequence of target 
RNA, or a portion thereof, (e.g., target RNA encoding VEGF or a VEGF receptor) 
comprising contacting said subject with said double stranded RNA under conditions 
suitable for said systemic administration. 

In one embodiment, the invention features a method for treating or preventing tumor 
10 angiogenesis in a subject comprising administering to the subject a siNA molecule of the 
invention under conditions suitable for the treatment or prevention of tumor angiogenesis 
in the subject, alone or in conjunction with one or more other therapeutic compounds. 

In one embodiment, tiie invention features a metiiod for treating or preventmg viral 
infection or replication in a subject comprising administering to the subject a siNA 
1 S molecule of tiie invention under conditions suitable for the treatment or prevention of viral 
infection or replication in tiie subject, alone or in conjunction with one or more otiier 
therapeutic compounds. 

In one embodiment, the invention features a method for treating or preventing 
autoimmune disease in a subject comprising administering to the subject a siNA molecule 
20 of the iQvention under conditions suitable for the treatment or prevention pf autohnmiine 
disease in the subject, alone or in conjunction with one or more other therapeutic 
compounds. 

In one embodiment, the invention features a method for treating or preventing 
neurologic disease (e.g., Alzheimer's disease, Huntington disease, Parkinson disease, ALS, 
25 multiple sclerosis, epilepsy, etc.) in a subject comprising administering to the subject a 
siNA molecule of the invention under conditions suitable for the treatment or prevention of 
neurologic disease in the subject, alone or in conjunction with one or more other 
therapeutic compoimds. 

In one embodiment, the invention features a method for treating or preventing 
30 inflammation in a subject comprising administering to the subject a siNA molecule of the 
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invention under conditions suitable for the treatment or prevention of inflammation in the 
subject, alone or in conjunction with one or more other therapeutic compounds. 

Other features and advantages of the invention will be q>parent from the following 
description of the preferred embodiments thereof, and from flie claims. 

5 BRmFDESCMFTION OF TOE DRAWINGS 

Figure 1 shows a non-limiting example of a scheme for the synthesis of siNA 
molecules. The complementary siNA sequence strands, strand 1 and strand 2, are 
synthesized in tandem and are connected by a cleavable linkage, such as a nucleotide 
succinate or abasic succinate, which can be the same or different from ttie cleavable linker 

1 0 used for solid phase synthesis on a solid support The ^nthesis can be either solid phase or 
solution phase, in the example shown, the syntfiesis is a solid phase synttiesis. The 
synthesis is performed such that a protecting group, such as a dimethoxytrityl groiq), 
remains intact on the terminal nucleotide of the tandem oligonucleotide. Upon cleavage 
and deprotection of the oligonucleotide, the two siNA strands spontaneously hybridize to 

15 form a siNA duplex, which allows the purification of the duplex by utilizing the properties 
of the terminal protecting group, for example by appljdng a trityl on purification method 
wherein only duplexes/oligonucleotides with the terminal protecting group are isolated. 

Figure 2 shows a MALDI-TOF mass spectrum of a purified siNA duplex 
synthesized by a mettiod of the invention. The two peaks shown correspond to the 
20 predicted mass of the separate siNA sequence strands. This result demonstrates that the 
siNA duplex derated from tandem synthesis can be purified as a single entity using a 
simple trityl-on purification methodology. 

Figure 3 shows the results of a stability assay used to determine the serum stability of 
chemically modified siNA constructs compared to a siNA control consisting of all RNA 
25 with 3*-TT termini. T */i values are shown for duplex stability. 

Figure 4 shows the results of an RNAi activity screen of several phosphorothioate 
modified siNA constructs using a luciferase reporter system. 

Figure 5 shows the results of an RNAi activity screen of several phosphorothioate 
and universal base modified siNA constructs using a luciferase reporter system. 

106 



PCX/ 



MBHB 03-465-E; (400/160) 

PCT/USOB-t/lBBgiO 

strand/antisense strand). Sequences corresponding to these Sima/RPI numbers are shown 
in Table L 

Figure 15 shows fh&results of an KNAi activity screen of chemically modifed siNA 
constructs. The screen compared various combinations of sense strand chemistries 
5 compared to a fixed antisense strand chemistry. These chemically modified siNAs were 
compared in the luciferase assay described herein at 1 nM and lOnM concentration using 
an all KNA siNA control (siGL2) having 3'-termmal dithymidtne (TT) and its 
corresponding inverted control (tav siGL2). The background level of luciferase expression 
in flie HeLa cells is designated by the "cells" column. Sense and antisense strands of 
10 chemically modified siNA constructs are shown by Sima/RPI number (sense 
strand/antisense strand). Sequences corresponding to these Sima/RPI numbers are shown 
in Table I. 

Figure 16 shows the results of a siNA titration study using a luciferase reporter 
system, wherein the RNAi activity of a phosphorofliioate modified siNA construct is 
15 compared to that of a siNA constmct consisting of all ribonucleotides except for two 
terminal thymidine residues. 

Figure 17 shows a non-limiting proposed mechanistic representation of target RNA 
degradation involved in RNAi. Double-stranded RNA (dsRNA), which is generated by 
RNA-dependent RNA polymerase (RdRP) from foreign single-stranded RNA, for example 
20 vkal, tiansposon, or other exogenous RNA, activates the DICER enzyme that in turn 
generates siNA duplexes. Alternately, synthetic or expressed siNA can be introduced 
directely into a cell by appropriate means. An active siNA complex forms which 
recognizes a target RNA, resulting in degradation of the target RNA by the RISC 
endonuclease complex or in the synthesis of additional RNA by RNA-dependent RNA 
25 polymerase (RdRP), which can activate DICER and result in additional siNA molecules, 
thereby amplifying the RNAi response. 

Figure 18A-F shows non-limiting examples of chemically-modified siNA 
constructs of the present invention. In the figure, N stands for any nucleotide (adcmosine, 
guanosine, cytosine, uridine, or optionally tiiymidine, for example thymidine can be 
30 substituted in the overhanging regions designated by parenthesis (N N). Various 
. modifications are shown for the sense and antisense strands of tfie siNA constmcts. 
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described herein. The andsense strand comprises 21 nucleotides, optionally having a 
3 -tenninal glyceryl moiety and wherein ttie two terminal 3 -nucleotides are optionally 
"cbmplementary to the target RNA sequence, and wherein all pyrimidine nucleotides that 
may be present are 2'-deoxy-2 -fluoro modified nucleotides except for (N N) nucleotides, 
5 which can comprise ribonucleotides, deoxynucleotides, universal bases, or other chemical 
modifications described herein. A modified intemucleotide linkage, such as a 
phosphorotfaioate, phosphoroditfaioate or o&er modified intemucleotide linkage as 
described herem, shown as "s", optionally connects the (N N) nucleotides in the antisense 
strand. 

10 Figure 18D: The sense strand comprises 21 nucleotides having 5'- and 3 - terminal 

cap moieties wherein ttie two terminal 3 -nucleotides are optionally base paired and 
wherein all pyrimidine nucleotides that may be present are 2'-deoxy-2 -fluoro modified 
nucleotides except for (N N) nucleotides, which can comprise ribonucleotides, 
deoxynucleotideS) universal bases, or other chemical modifications described herein and 

15 wherein and all purine nucleotides that may be present are 2'-deoxy nucleotides. The 
antisense strand comprises 21 nucleotides, optionally having a 3'-terminal glyceryl moiety 
and wherein the two tenninal 3*-nucleotides are optionally complementary to the target 
RNA sequence, wherein all pyrimidine nucleotides that may be present are 
2*-deoxy-2'-fluoro modified nucleotides and all purine nucleotides that may be present are 

20 2'-Ome1hyl modified nucleotides except for (ii N) nucleotides, which can comprise 
ribonucleotides, deoxynucleotides, universal bases, or otiier chemical modifications 
described herein. A modified intemucleotide linkage, such as a phosphorothioate, 
phosphorodithioate or other modified intemucleotide linkage as described herein, shown as 
'V*, optionally connects tiie (N N) nucleotides in the antisense strand. 

25 Figure 18E: The sense strand comprises 21 nucleotides having 5'- and 3 - tenninal 

cap moieties wherein the two terminal 3 -nucleotides are optionally base paired and 
wherein all pyrimidine nucleotides that may be present are 2*-deoxy-2 -fluoro modified 
nucleotides except for (N N) nucleotides, which can comprise ribonucleotides, 
deoxynucleotides, universal bases, or other chemical modifications described herein. The 

30 antisense strand comprises 2 1 nucleotides, optionally having a 3'-terminal glyceryl moiety 
and wherein the two terminal 3'-nucleotides are optionally complementary to the target 
RNA sequence, and wherein all pyrimidine nucleotides that may be present are 
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2 -deoxy-2'-£Iuoro modified nucleotides and all purine nucleotides lhat may be present aie 
2'-0-metfiyl modified nucleotides except for (N N) nucleotides, which can comprise 
ribonucleotides, deoxynucleotides, universal bases, or other chemical modifications 
described herein. A modified intemucleotide linkage, such as a phosphorothioate, 
S phosphorodithioate or other modified intemucleotide linkage as described herein, shown as 
"s**, optionally connects the (N N) nucleotides in the antisense stcand. 

Figure 18F: The sense strand comprises 21 nucleotides having 5 - and 3 - tenninal 
cap moieties wherein the two terminal 3*-nucleotides are optionally base paired and 
wherein all pyrimidine nucleotides that may be present are 2*-deoxy-2 -fluoro modified 

10 nucleotides except for (N N) nucleotides, which can comprise ribonucleotides, 
deoxynucleotides, imiversal bases, or oAer chemical modifications described herein and 
wherein and all purine nucleotides that may be present are 2*-deoxy nucleotides. The 
antisense stcand comprises 21 nucleotides, optionally having a 3*-terminal glyceiyl moiety 
and wherein the two tenninal 3 -nucleotides are optionally complementary to the target 

IS RNA sequence, and having one 3*-'terminal phosphorothioate intemucleotide linkage and 
wherein all pyrimidine nucleotides that may be present are 2*-deoxy-2'*fluoro modified 
nucleotides and all purine nucleotides that may be present are 2'-deoxy nucleotides except 
for (N N) nucleotides, which can comprise ribonucleotides, deoxynucleotides, universal 
bases, or other chemical modifications described herein. A modified intemucleotide 

20 linkage, such as a phosphorothioate, phosphorodithioate or other modified intemucleotide 
, Unkage as described herein; shoira as *^^,optionanycc^ 

antisense strand. The antisense strand of constructs A-F comprise sequence 
complementary to any target nucleic acid sequence of tiie mvention. Furtiiermore, when a 
* glyceryl mojiety (L) is present at the 3'-end of the antisense strand for any constract shown 

25 in Figure 4 A-F, the modified intemucleotide linkage is optional. 

Figure 19 shows non-limiting examples of specific chemically modified siNA 
sequences of the invention. A-F applies the chemical modifications described in Figure 
18A-F to a representative siNA sequence targeting the hepatitis C virus (HCV). However, 
such chemical modifications can be applied to any target sequence contemplated by the 
30 instant invention (see for example target sequences referred to by accession number in 
McSwiggen et aL, International PCT publication No. WO 03/74654. 
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Figure 20 shows non-limiting examples of dififeient siNA constructs of the invention. 
The examples shown (constructs 1, and 3) have 19 representative base pairs; however, 
different embodiments of Ifae invention include any number of base pairs described herein. 
Bracketed regions represent nucleotide overhangs, for example comprising about 1 , 2, 3, or 
5 4 nucleotides in length when present, preferably about 2 nucleotides. Such overhangs can 
be present or absent (i.e., blimt ends). Such blunt ends can be present on one end or hoUk 
ends of the siNA molecule, for example where all nucleotides present in a siNA duplex are 
base paired. Constructs 1 and 2 can be used independently for RNAi activity. Construct 2 
can comprise a polynucleotide or non-nucleotide liriker, which can optionally be designed 
10 as a biodegradable linker. In one embodiment, the loop structure shown in constmct 2 can 
comprise a biodegradable liriker that results in flie formation of construct 1 in vivo and/or in 
vitro. Jn another example, construct 3 can be used to generate construct 2 under the same 
principle wherein a linker is used to generate the active siNA construct 2 in vivo and/or in 
vitro^ which can optionally utilize anoflier biodegradable linker to generate flie active siNA 
15 constmct 1 in vivo and/or in vitro. As such, the stability and/or activity of the siNA 
constmcts can be modulated based on tfie design of the siNA construct for use in vivo or in 
vitro and/or in vitro. 

Figure 21 is a diagrammatic representation of a mediod used to determine target sites 
for siNA mediated RNAi widnn a particular target nucleic acid sequence, such as 
20 messenger RNA. (A) A pool of siNA oligonucleotides are synthesized wherein the 
. - aiitisCTse region of the siNA constructs has complementarity to tiurget sites across tihie target 
nucleic acid sequence, and wherein the sense region comprises sequence complementary to 
the antisense region of the siNA. (B) The sequences are transfected into cells. (C) Cells 
are selected based on phmotypic change that is associated with modulation of the target 
25 nucleic acid sequence. (D) The siNA is isolated fiom the selected cells and is sequenced to 
identify efBcacious target sites within the target nucleic acid sequence. 

Figure 22 shows non-limiting examples of different stabilization chemistries (1-10) 
that can be used, for example, to stabilize the 3'-end of siNA sequences of tilie invention, 
including (1) [3-3']-inverted deoxyribose; (2) deo^^bonucleotide; (3) 
30 [5'-3*]-3*-deoxyribonucleotide; (4) [5»-3']-ribonucIeotide; (5) [5*-3']-3*-0-methyl 
ribonucleotide; (6) 3'-glyceryl; (7) [3 -5*]-3'-deoxyribonucleotide; (8) 
[3'-3*]-deoxyribonucleotide; (9) [5'-2']-deoxyribonucleotide; and (10) 
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[5-3']-dideoxyribonucleotide. In addition to modified and unmodified backbone 
chemistries indicated in the figuie» tihiese chemistries can be combined with different 
backbone modifications as described herein, for example, backbone modifications having 
Formula L In addition, flie 2'-deoxy nucleotide shown 5* to the terminal modifications 
5 shown can be another modified or unmodified nucleotide or non-nucleotide described 
herein, for example modifications havmg any of Formulae I-Vn or any combination 
diereof 

Figure 23 shows a non-limiting example of siNA mediated inhibition of 
VEGF-induced angiogenesis using the rat corneal model of angiogenesis. siNA targeting 
10 site 2340 of VEGFRl KNA (shown as Sima/RPI No. 29695/29699) were compared to 
mverted controls (shown as Sima/RPI No. 29983/29984) at three different concentrations 
and compared to a VEGF control in which no siNA was administered. 

Figure 24 is a non-limiting example of a HBsAg screen of stabilized siNA constmcts 
C^stab 4/5"*, see Table IV) targeting HBV pregenomic KNA m HepG2 cefls at 25 nM 
1 5 conq>ared to untreated and matched chemistiy inverted sequence controls. The siNA sense 
and antisense strands are ^own by Sima/RPI number (sense/antisense). 

Figure 25 is a non-limitmg example of a dose response HBsAg screen of stabilized 
siNA constmcts ("stab 4/5", see Table IV) targeting sites 262 and 1580 of the HBV 
pregenomic RNA in HepG2 cells at 0.5, 5, 10 and 25 nM compared to untreated and 
20 matched chemistry inverted sequence controls. The siNA sense and antisense strands are 
shown by Sima/RPI number (sense/antisense). 

• Figure 26 shows a dose response comparison of two different stabilization 
chemistries C'stab 7/8" and "stab 7/11", see Table IV) targeting site 1580 of the HBV 
pregenomic RNA in HepG2 cells at 5, 10, 25, 50 and 100 nM compared to untreated and 
25 matched chemistry inverted sequence controls. The siNA sense and antisense strands are 
shown by Sima/RPI niunber (sense/antisense). 

Figure 27 shows a non-limiting example of a strategy used to identify chemically 
modified siNA constructs of the invention that are nuclease resistance while preserving the 
ability to mediate RNAi activity. Chemical modifications are introduced into the siNA 
30 constract based on educated design parameters (e.g., introducing 2'-modifications, base 
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modifications^ backbone modifications, terminal cap modifications etc). The modified 
construct in tested in an appropriate system (e.g human semm for nuclease resistance, 
shown, or an animal model for PK/delivery parameters). In parallel, the siNA construct is 
tested for RNAi activity, for example in a cell culture system such as a luciferase reporter 
5 assay). Lead siNA constructs are then identified which possess a particular characteristic 
while maintaining RNAi activity, and can be fiirther modified and assayed once again. 
This same approach can be used to identify siNA-conjugate molecules with improved 
pharmacokinetic profiles, delivery, and RNAi activity. 

Figure 28 shows representative data of a chemically modified siNA construct (Stab 
10 4/5, Table IV) targeting HBV site 1580 RNA compared to an unstabilized siRNA 
construct in a dose response time course HBsAg assay. The constructs w^e compared at 
different concentrations (5nM, 10 nM, 25 nM, 50 nM, and 100 nM) over the course of nine 
days. Activity based on HBsAg levels was determined at day 3, day 6, and day 9. 

Figure 29 shows representative data of a chemically modified siNA constmct (Stab 
15 7/8, Table IV) targeting HBV site 1580 RNA compared to an tmstabilized siRNA 
construct in a dose response time course HBsAg assay. The constructs were compared at 
different concentrations (5nM, 10 nM, 25 nM, 50 nM, and 100 nM) over the course of nine 
days. SiNA activity based on HBsAg levels was determined at day 3, day 6, and day 9. 

Figure 30 shows representative data of a chemically modified siNA construct (Stab 
20 7/11, Table IV) targeting HBV site 1580 RNA compared to an unstabilized siRNA 
constmct in a dose response time course HBsAg assay. The constracts were compared at 
different concentmtions (5nM, 10 nM, 25 nM, 50 nM, and 100 nM) over the course of nine 
days. SiNA activity based on HBsAg levels was determined at day 3, day 6, and day 9. 

Figure 31 shows representative data of a chemically modified siNA constmct (Stab 
25 9/10, Table IV) targeting HBV site 1580 RNA compared to an unstabilized siRNA 
construct in a dose response time course HBsAg assay. The constructs were compared at 
different concentrations (5nM, 10 nM, 25 nM, 50 nM, and 100 nM) over the course of nine 
days. SiNA activity based on HBsAg levels was determined at day 3, day 6, and day 9. 



115 



MBHB 03-465-E; (400/160) 

P C T / U S O y ± E. 3 gi O 

Figure 32 shows non-limiting examples of inhibition of viral replication of a 
HCV/poliovirus chimera by siNA constracts targeted to HCV chunera (29579/29586; 
29578/29585) compared to control (29593/29600). 

FIgare 33 shows a non-limiting example of a dose response study demonstrating the 
5 inhibition of viral replication of a HCV/poliovirus chimera by siNA construct 
(29579/29586) at various concentrations (InM, 5nM, lOnM, and 25nM) compared to 
control (29593/29600). 

Figure 34 shows a non-limiting example demonstrating the inhibition of viral 
replication of a HCV/poliovirus chimera by a chemically modified siRNA construct 
10 (3005 1/30053) compared to control construct (30052/30054). 

Figure 35 shows a non-limiting example demonstrating the inhibition of viral 
replication of a HCV/poliovirus chimera by a chemically modified siRKA construct 
(30055/30057) compared to control construct (30056/30058). 

Figure 36 shows a non-limiting example of several chemically modified siKNA 
15 constmcts targeting viral replication of an HCV/poliovirus chimera at 10 nM treatment in 
comparison to a lipid control and an inverse siNA control construct 29593/ 29600. 

Figure 37 shows a non-limiting example of several chemically modified siKNA 
constructs targeting viral replication of a HCV/poliovirus chimera at 25 nM treatmmt in 
..comparison to a lipid control and an inverae riNA control construct 29593/ 29666. '' 

20 • Figure 38 shows a non-limiting 6xanq>le of several chemically modified siRNA 

constructs targeting viral replication of a Huh7 HCV replicon system at 25 nM treatment in 
comparison to untreated cells ("cells**), cells transfected with lipofectamine ("LFAZK**) 
and inverse siNA control constructs. 

Figure 39 shows a non-Umiting example of a dose response study using chemically 
25 modified siNA molecules (Stab 4/5, see Table IV) targetmg HCV RNA sites 291, 300, and 
303 in a Huh7 HCV replicon system at 5, 10, 25, and 100 nM treatment comparison to 
untieated cells ("cells"), cells transfected with Iqxifectamine ("LFA'*) and inverse siNA 
control constructs. 
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Figure 40 shows a non-limiting example of several chemically modified siNA 
constructs (Stab 7/8, see Table IV) targeting viral replication in a Huh7 HCV replicon 
system at 25 nM treatment in comparison to mitreated cells (^cells")» cells transfected with 
lipofectamine (''Lipid'*) and inverse siNA control constructs. 

5 Figure 41 shows a non-limiting example of a dose response study using chemically 

modified siNA molecules (Stab 7/8, see Table IV) targeting HCV site 327 in a Huh7 HCV 
replicon system at 5, 10, 25, 50, and 100 nM treatment in comparison to inverse siNA 
control constructs. 

Figure 42 shows a syndetic scheme for post-synthetic modification of a nucleic 
1 0 acid molecule to produce a folate conjugate. 

Figure 43 shows a synthetic scheme for generating an oligonucleotide or nucleic 
acid-folate conjugate. 

Figure 44 shows an alternative synthetic scheme for generatmg an oligonucleotide 
or nucleic acid-folate conjugate. 

15 Figure 45 shows an alternative synthetic scheme for post-synthetic modification of 

a nucleic acid molecule to produce a folate conjugate. 

Figure 46 shows a non-limiting example of a synthetic scheme for tiie synSiesis of a 
N-acetyl-D-galactosam]ne-2'-aminouridKae phosphoramidite conjugate of the invention. 

T Figure 47 shows a non-limiting example of a syntiietic scheme fen: tiie syn&esis of a. 
20 N-acetyl-D-galactosamine-D-tlueoninol phosphoramidite conjugate of tiie invention. 

Figure 48 shows a non-limiting example of a N-acetyl-D-galactosamine siNA 
nucleic acid conjugate of the invention. W shown in the example refers to a biodegradable 
linker, for example a nucleic acid dimer, trimer, or tetramer comprising ribonucleotides 
and/or deoxyribonucleotides. The siNA can be conjugated at the 3% 5' or both 3' and 5* 
25 ends of the sense strand of a double stranded siNA and/or tiie 3'-end of the antisense strand 
of the siNA. A single stranded siNA molecule can be conjugated at the 3 '-end of the siNA. 

Figure 49 shows a non-limiting example of a synthetic scheme for the synthesis of a 
dodecanoic acid derived conjugate linker of the invention. 
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Figure 50 shows a non-limiting example of a S3mtfaetic scheme for the synthesis of 
an oxime linked nucleic acid/peptide conjugate of the invention. 

Figure 51 shows non-limiting examples of phospholipid derived siNA conjugates 
of the invention. CL shown in the examples refers to a biodegradable linker, for example a 
5 nucleic acid dimer, trimer, or tetramer comprising ribonucleotides and/or 
deoxyribonucleotides. The siNA can be conjugated at the 3% 5* or both 3* and 5* ends of 
the sense strand of a double stranded siNA and/or the 3 '-end of the antisense strand of the 
siNA. A single stranded siNA molecule can be conjugated at the 3 '-end of the siNA. 

Figure 52 shows a non-linuting example of a synthetic scheme for preparing a 
10 phospholipid derived siNA conjugates of the invention. 

Figure 53 shows a non-limiting example of a synthetic scheme for preparing a 
poly-N-acetyl-D-galactosamine nucleic acid conjugate of the invention. 

Figure 54 shows a non-limiting example of the syndesis of siNA cholesterol 
conjugates of the invention using a phosphoramidite approach. 

15 Figure 55 shows a non-limiting example of the synthesis of siNA PEG conjugates 

of the invention using NHS ester coupling. 

Figure 56 shows a non-limiting example of the synthesis of siNA cholesterol 
conjugates of the invention using NHS ester coupling. 

Figure 57 shows a non-limiting example of various siNA cholesterol conjugates of 
20 the invCTitton. 

Figure 58 shows a non-limiting example of various siNA cholesterol conjugates of 
the invention in which various linker chemistries and/ or cleavable linkers can be utilized at 
difiEerent positions of a double stranded siNA molecule. 

Figure 59 shows a non-limiting example of various siNA cholesterol conjugates of 
25 the invention in which various linker chemistries and/or cleavable linka:s can be utilized at 
different positions of a double stranded siNA molecule. 

Figure 60 shows a non-limiting example of various siNA cholesterol conjugates of 
the invention in which various linker chemistries and/or cleavable linkers can be utilized at 
different positions of a single stranded siNA molecule. 
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Figure 61 shows a non-limiting example of various siNA phospholipid conjugates 
of Ihe invention in which various linker chemistries and/or cleavable linkers can be utilized 
at difiEeient positions of a double stranded siNA molecule. 

Figure 62 shows a non-limiting example of various siNA phospholipid conjugates 
5 of flie invention in which various linker chemistries and/or cleavable linkers can be utilized 
at different positions of a singjle stranded siNA molecule. 

Figure 63 ^ows a non-limiting example of various siNA ^lactosamine conju^tes 
of fee invention in which various Imkear chemistries and/or cleavable Imkers can be utilized 
at different positions of a double stranded siNA molecule. 
10 Figure 64 shows a non-limiting example of various siNA galactosamine conjugates 

of the invention in which various linker chemistries and/or cleavable linkers can be utilized 
at different positions of a single stranded siNA molecule. 

Figure 65 shows a non-limiting example of various generalized siNA conjugates of 
the invention in which various linker chemistries and/or cleavable linkers can be utilized at 
15 different positions of a double stranded siNA molecule. CONJ in tiie figure refers to any 
biologically active compound or any other conjugate compound as described herein and in 
the Formulae herein. 

Figure 66 shows a non-limiting example of various generalized siNA conjugates of 
the invention in which various linker chemistries and/or cleavable linkers can be utilized at 
20 different positions of a single stranded siNA molecule. CONJ in the figure refers to any 
. biologically active ccnnpouhd or any other conjugate compound as described herein and in 
the Formulae herein. 

Figure 67 shows a non-limiting example of the pharmacokinetic distribution of 
intact siNA in liver after administration of conjugated or unconjugated siNA molecules in 
25 mice- 
Figure 68 shows a non-limiting example of the activity of conjugated siNA 
constructs conq>ared to matched chemistry unconjugated siNA constructs in a HBV cell 
culture system without the use of tiansfection lipid. As shown in the Figure, siNA 
conjugates provide efficacy in cell culture without the need for transfection reagent. 
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Figure 69 shows a non-limiting example of a scheme for the synthesis of a 
mono-galactosamine phosphoramidite of the invention that can be used to generate 
galactosamine conjugated nucleic acid molecules. 

Figure 70 shows a non-limiting example of a scheme for the synthesis of a 
5 tri-galactosamine phosphoramidite of ttie invention ihat can be used to generate 
tri-galactosamine conjugated nucleic acid molecules. 

Figure 71 shows a non-limiting example of a scheme for the synfliesis of another 
tri-galactosamine phosphoramidite of Ae invention that can be used to generate 
tri-galactosamine conjugated nucleic acid molecules. 

10 Figure 72 shows a non-limiting example of an alternate scheme for ttie synthesis of 

a tri-galactosamine phosphoramidite of the invention that can be used to generate 
tri-galactosamine conjugated nucleic acid molecules. 

Figure 73 shows a non-limiting example of a scheme for the synthesis of a 
cholesterol NHS ester of the invention that can be used to generate cholesterol conjugated 
1 5 nucleic acid molecules. 

Figure 74 shows non-limiting exampled of phosphorylated siNA molecules of the 
invention, including linear and duplex constmcts and asymmetric derivatives thereof. 

Figure 75 shows non-limiting examples of a chemically modified terminal 
phosphate groups of the invention. 

20 Figure 76 shows a non-limiting example of inhibition, of VEGF induced 

neovascularization in tiie rat corneal model. VEGFrl site 349 active siNA having "Stab 
9/10'* chemistry (Sima # 31270/31273) was tested for inhibition of VEGF-induced 
angiogenesis at three different concentrations (2.0 ug, 1 .0 ug, and 0. 1 ^ig dose response) as 
compared to a matched chemistry inverted control siNA constmct (Sima #31 276/3 1279) 

25 at each concentration and a VEGF control in which no siNA was administered. As shown 
in the figure, the active siNA constract having "Stab 9/10" chemistry (Sima # 
31270/31273) is highly effective in inhibiting VEGF-induced angiogenesis in the rat 
corneal model compared to the matched chemistry inverted control siNA at concentrations 
fix>m 0.1 [ig to 2.0 ug. 

30 Figure 77 shows activity of modified siNA constmcts having stab 4/5 (Sima 

30355/30366), stab 7/8 (Sima 30612/30620), and stab 7/11 (Sima 30612/31175) 
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modulation of target gene expression, for example by RNAi, First, the target sequence is 
identified.. A complementary sequence is then generated in which nucleotide or 
non-nucleotide modifications (shown as X or Y) are introduced into the complementary 
sequence that generate an artificial palindrome (shown as XYXYXY in flie Figure). An 
5 inverse repeat of the non-palindrome/repeat complementary sequence is appended to the 
3'-end of the complementary sequence to generate a self comphnentary DFO comprising 
sequence complementary to the nucleic acid target The DFO can self-assemble to form a 
double stranded oligonucleotide. 

Figure 96 diows non-limiting examples of multifunctional siNA molecules of the 
10 invention comprising two separate polynucleotide sequences that are each capable of 
mediating KNAi directed cleavage of differing target nucleic acid sequences. Figure 96A 
shows a non-limiting example of a multifunctional siNA molecule having a first region that 
is complementary to a first target nucleic acid sequence (complementary re^on 1) and a 
second region that is complementary to a second target nucleic acid sequence 
15 (complementary region 2), wherein tixe first and second complementary regions are 
situated at the 3'-ends of each potynucleotide sequence m the multifunctional siNA. The 
dashed portions of each polynucleotide sequence of the multifunctional siNA construct 
have complementarity with regard to corresponding portions of tiie siNA duplex, but do not 
have complementarity to the target nucleic acid sequences. Figure 96B shows a 
20 non-limiting example of a multifunctional siNA molecule having a first region that is 
complementaiy to a fiist target nucleic acid sequence (complementary region 1) and a 
second region tiiat is complementary to a second target nucleic acid sequence 
(complementary region 2), wherein tiie first and second complementary regions are 
situated at the 5'-ends of each polynucleotide sequence in the multifunctional siNA. The 
25 dashed portions of each polynucleotide sequence of the multifunctional siNA construct 
have complementarity with regard to corresponding portions of the siNA duplex, but do not 
have complementarity to the target nucleic acid sequences. 

Figure 97 shows non-limiting examples of multifunctional siNA molecules of the 
invention comprising a single polynucleotide sequence comprising distinct regions that are 
30 each capable of mediating RNAi directed cleavage of differing target nucleic acid 
sequences. Figure 97A shows a non-lhniting example of a multifunctional siNA molecule 
having a first region that is complementary to a frist target nucleic acid sequence 
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(complementary region 1) and a second region that is complementary to a second target 
nucleic acid sequence (complementary region 2), wherein the second complementary 
region is situated at the 3'-end of the polynucleotide sequence in the multifunctional siNA. 
The dashed portions of each polynucleotide sequence of the multifunctional siNA constmct 
5 have complementarity with regard to corresponding portions of the siNA duplex, but do not 
have complementarity to tiie tar^t nucleic acid sequences. Figure 91B shows a 
non-limitmg example of a multifunctional siNA molecule having a first region fliat is 
complementary to a frist target nucleic acid sequence (complementary region 1) and a 
second region that is complementary to a second tai^et nucleic acid sequence 
10 (complementary region 2), wherein flue first complementary region is situated at the 5*-end 
of flie polynucleotide sequence in tiie multifunctional siNA. The dashed portions of each 
polynucleotide sequence of the multifunctional siNA construct have complementarity with 
regard to corresponding portions of the siNA duplex, but do not have complementarity to 
the target nucleic acid sequmces. In one embodiment, these multifunctional siNA 
1 5 constructs are processed in vivo or in vitro to generate multifunctional siNA constructs as 
shown in Figure 96. 

Figure 98 shows non-limiting examples of multifunctional siNA molecules of tiie 
invention comprising two separate polynucleotide sequences tiiat are each capable of 
mediating RNAi directed cleavage of differing target nucleic acid sequences and wherein 
20 flie multifunctional siNA construct further comprises a self complementary, palindrome, or 
^ ' ' ' repeat region, thus enabling shorter bifiictional siNA constracts that can mediate KNA 
interference against differing target nucleic acid sequences. Figure 98A shows a 
non4imiting example of a multifunctional siNA molecule having a first region that is 
complementary to a firist target nucleic acid sequence (complementary region 1) and a 
25 second region tiiat is complementary to a second target nucleic acid sequence 
(complementary region 2), wherein the first and second complementary regions are 
situated at the 3'-ends of each polynucleotide sequence in the multifunctional siNA, and 
wherein the first and second complementary regions further comprise a self 
complOTientary, palindrome, or repeat region. The dashed portions of each polynucleotide 
30 sequence of the multifimctional siNA constmct have complementarity with regard to 
corresponding portions of the siNA duplex, but do not have complementarity to the target 
nucleic acid sequences. Figure 98B shows a non-limiting example of a multifunctional 
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siNA molecule having a first region that is complementary to a fiist target nucleic acid 
sequence (complementary region 1) and a second region that is complementary to a second 
target nucleic acid sequence (complementary region 2)» wherein the first and second 
complementary regions are situated at the S '-ends of each polynucleotide sequence in the 
5 multifunctional siNA, and wherein the first and second complementary regions fiirtfaer 
comprise a self complementary, palindrome, or repeat region. The dashed portions of each 
polynucleotide sequence of tfaemultifimctional siNA construct have complementarity wifii 
regard to corresponding portions of the siNA duplex, but do not have complementarity to 
tfie target nucleic acid sequences. 

10 Figure 99 shows non-limiting examples of multifimctional siNA molecules of the 

invention comprising a single polynucleotide sequence comprising distinct regions fliat are 
each capable of mediating RNAi directed cleavage of differing target nucleic acid 
sequences and wherein the multifimctional siNA construct fiirther comprises a self 
complementary, palindrome, or repeat region, thus enabling shorter bifiictional siNA 

IS constructs that can mediate RNA interference against differing target nucleic acid 
sequences. Figure 99A shows a non-limiting example of a multifimctional siNA molecule 
having a first region fiiat is complementary to a fiist target nucleic acid sequence 
(complementary region 1) and a second region that is complementary to a second target 
nucleic acid sequence (complementary region 2), wherein the second complementary 

20 region is situated at the 3 '-end of the polynucleotide sequence in the multifimctional siNA, 
and wherein the first and second complementary regions fiirther comprise a self 
complementary, palindrome, or repeat region. The dashed portions of each polynucleotide 
sequence of the multifimctional siNA construct have complementarity with regard to 
corresponding portions of the siNA duplex, but do not have complementarity to fiie target 

25 nucleic acid sequences. Figure 99B shows a non-limiting example of a multifimctional 
siNA molecule having a first region that is complementary to a frist target nucleic acid 
sequence (complementary region 1) and a second region that is complementary to a second 
target nucleic acid sequence (conqplementary region 2), wherein the first complementary 
region is situated at the S'-end of the polynucleotide sequence in the multifimctional siNA, 

30 and wherein the first and second complementary regions fiirther comprise a self 
complementary, palindrome, or repeat region. The dashed portions of each polynucleotide 
sequence of the multifimctional siNA construct have complementarity with regard to 
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conesponding portions of flie siNA duplex, but do not have complementarity to the target 
nucleic acid sequences. In one embodtmrat, these multifunctional siNA constructs are 
processed in vivo or in vitro to generate multifunctional siNA constructs as shown in 
Figure 98. 

5 Figure 100 shows a non-limiting example of how multifunctional siNA molecules of 

the invention can target two separate target nucleic acid molecules, such as separate RNA 
molecules encoding differing proteins, for example a cytokine and its corresponding 
receptor, differing viral strains, a virus and a cellular protein involved in viral infection or 
replication, or differing proteins involved in a common or div^gent biologic pathway fliat 

10 is implicated in fhe maintenance of progression of disease. Each strand of the 
multifunctional siNA construct comprises a region having complementarity to separate 
target nucleic acid molecules. The multifimctional siNA molecule is designed such that 
each strand of the siNA can be utilized by flie RISC complex to initiate RNA interferance 
mediated cleavage of its corresponding target These design parameters can include 

IS destabilization of each end of flie siNA construct (see for example Schwaiz et al, 2003, 
Celh lis, 199-208). Such destabilization can be accomplished for example by using 
guanosine-cj^dine base pairs, alternate base pairs (e.g., wobbles), or destabilizing 
ch6mically modified nucleotides at terminal nucleotide positions as is known in the art 

Figure 101 shows a non-limiting example of how multifunctional siNA molecules of 
20 the invention can target two separate target nucleic acid seqeimces within fhe same target 
nucleic acid molecule, such as altemate coding regions of a RNA, coding and non-coding 
regions of a RNA, or alternate splice variant regions of a RNA. Each strand of the 
multifunctional IsiNA construct comprises a region having complementarity to the separate 
regions of the target nucleic acid molecule. The multifunctional siNA molecule is designed 
2S such that each strand of fhe siNA can be utilized by the RISC complex to initiate RNA 
interferance mediated cleavage of its corresponding target region. These design parameters 
can include destabilization of each end of ttie siNA constmct (see for example Schwarz et 
aL, 2003, Cell, 1 IS, 199-208). Such destabilization can be accompUshed for example by 
using guanosine-cytidine base pairs, altemate base pairs (e.g., wobbles), or destabilizing 
30 chemically modified nucleotides at terminal nucleotide positions as is known in the art. 
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Figure 102 shows a non-limiting exmaple of the dose dependent reduction in semm 
HBV DNA levels following systemic intravenous administration of a Stab 7/8 siNA 
construct targeting HBV RNA site 263 in mice pre-treated witti a HBV expressing vector 
via hydrodynamic injection. siNA treated groups were compared to inverted control or 
5 saline groups. A statistically significant (P< 0.01) reduction of 0.93 log was observed in 
the 30mg/kg group as compared to the saline group. This result demonstrates in vivo 
activity of a systemically administered siNA. 

Figure 103 shows activity of a fully stabilized siNA construct compared to a 
matched chemistry inverted control, an all KNA siNA construct having identical sequence 

10 (RNA active), and a corresponding all RNA inverted control (RNA Inv), in a HBV Co-HDI 
mouse model. A hydrodynamic tail vein injection (HDI) containing 1 ug of the pWTD 
HBV vector and 0, 0.03, 0.1, 0.3 or 1.0 ug of siNA was performed on C57BL/J6 mice. 
Active siNA duplexes and inverted sequence controls in both native RNA and stabilized 
chemistry were tested. The levels of serum HBV DNA and HBsAg were measured 72 hrs 

IS post injection. Figure 103A shows results for HBV serum DNA levels. Figure 103B 
shows results for serum HBsAg levels, and Ilgare 103C shows results for liver HBV RNA 
levels in this study. 

Figure 104 shows non-limiting examples of the design of self complementary DFO 
constracts utilizing palidrome and/or repeat nucleic acid sequences that are incorporated 

20 into the DFO constructs that have sequence complementary to aiiy target nucleic add. 
sequence of interest as described in Figure 95. The palidrome/repeat sequence comprises 
chemically modified nucleotides that are able to interact with a portion of the tar^ nucleic 
acid sequence (e.g., use of modified base analogs that can form Watson Crick base pairs or 
non-Watson Crick base pairs such as Z-aminopurine or 2-amino-l,6-dihydropurine 

25 nucleotides or universal nucleotides). 

Figure 105 shows non-limiting examples of inhibition of VEGFRl RNA expression 
using DFO molecules of the invention. Duplex DFO constructs prepared from compound 
numbers 32808, 32809, 32810, 3281 1 , and 32812 were assayed along with siNA molecules 
having known activity against VEGFRl RNA (compound numbers 32748/32755, 
30 33282/32289, 31270/31273), matched chemistry inverted controls (compound numbers 
32772/32779, 32296/32303, 31276/31279), and a transfection agent control (LF2K). As 
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trasfection control (LF2K). hfMuMg cells were transfected with 0.5 uL/well of lipid 
complexed with 25 and 100 nM DFO. Cells were incubated at S?"* for 24h in the continued 
presence of the DFO transfection mixture. At 24h, RNA was prepared from each well of 
treated cells. The supematants with the transfection mixtures were first removed and 
5 discarded, then tiie cells were lysed and RNA prepared ,from each well. Target gene 
expression following treatment was evaluated by RT-PCR for the TGF-beta receptor 
mRNA and for a control gene (36B4, an RNA polymerase subunit) for normalization. As 
shown in the figure, the DFO constracts displayed potent inhibition of TGF-beta receptor-l 
RNA expression in this system. 

10 Figure 110 ^ows a non-limiting exanq>le inhibition of HBV RNA using 

multifunctional siNA constructs targetmg HBV and PKC-alpha RNA in HepG2 cells. 

Figure 111 shows a non-limiting example inhibition of PKC-alpha RNA using 
multifunctional siNA constructs targeting HBV and PKC-alpha RNA in HepG2 cells. 

Figure 112(A-H) shows non-limiting examples of tethered multiifimctional siNA 
15 constructs of the invention. In the examples shown, a linker (e.g,, nucleotide or 
non-nucleotide linker) connects two siNA regions (e.g., two sense, two antisense, or 
alternately a sense and an antisense region together. Separate sense (or sense and 
antisense) sequences corresponding to a first target sequence and second tar^ sequence 
are hybridized to their corresponding sense and/or antisense sequences, in the 
• 20 multifiinctional aNA. In addition, various conjugates, ligands, aptamers, polymers or 
reports molecules can be attached to tfie linker region for selective or in^roved delivery 
and/or pharmacokinetic prop^es. 

Figure 113 shows a non-limiting example of various dendrimer based 
multifunctional siNA designs. 

25 Figure 114 shows a non-limiting example of various supramolecular multifimctional 

siNA designs. 

Figure 115 shows a non-limiting example of a dicer enabled multifunctional siNA 
design using a 30 nucleotide precursor siNA construct. A 30 base pair duplex is cleaved by 
Dicer into 22 and 8 base pair products from either end (8 b.p. fragments not shown). For 
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ease of presentation the oveihangs generated by dicer are not shown - but can be 
compensated for. Three targeting sequences are shown. The required sequence identity 
oveiiapped is indicated by grey boxes. The N's of the parent 30 b.p. siNA are suggested 
"^ites of 2*-OH positions to enable Dicer cleavage if this is tested in stabUized chemistries. 
5 Note that processing of a 30mer duplex by Dicer KNase m does not give a precise 22+8 
cleavage, but ra&er produces a series of closely related products (with 22+8 being the 
primaiy site). Therefore, processing by Dicer will yield a series of active siNAs. 

Figure 116 shows a non-Umiting example of a d^cer enabled multifunctional siNA. 
design using a 40 nucleotide precursor siNA construct A 40 base pair duplex is cleaved by 

10 Dicer into 20 base pair products ftom either end. For ease of presentation the overhangs 
generatedbydicerarenotshown-butcanbecompensatedfor. Four targeting sequences 
are shown in four colors, blue, light-blue and red and orange. The required sequence 
identity overlapped is indicated by grey boxes. This design format can be extended to 
larger RNAs. If chemically stabilized siNAs are bound by Dicer, tiien strategically located 

15 ribonucleotide liiikages can enable designer cleavage products fliat permit our more 
extensive repertoire of multiifimctional designs. For example cleavage products not 
limited to ti»e Dicer standard of approximately 22-nucleotides can aUow multifunctional 
siNA constructs with a target sequence identity overlap ranging from, for example, about 3 
to abQut IS nucleotides. 

20 Figure 117 shows a non-limiting example of mhibition of HBV RNA by dicer 

enabled multifunctional siNA constructs targeting HBV site 263. When tiie first 17 
nucleotides of a siNA antisense strand (e.g., 21 nucleotide strands in a duplex with 3'-TT 
overhangs) are complementary to a target RNA, robust alencing was observed at 25 nM. 
80% sQendng was observed witii only 16 nucleotide complementarity in flie same format 

25 Figure 118 shows a non-limiting example of additional multifunctional siNA 

constract designs of the invention. In one example, a conjugate, ligand, aptamer, label, or 
otiier moiety is attached to a region of the multifunctional siNA to enable improved 
delivery or pharmacokinetic profiling. 

Figure 119 shows a non-limiting example of additional multifunctional aNA 
30 construct designs of the invention. In one example, a conjugate, ligand, aptamer, label, or 
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o&er moiety is attached to a region of fte multifunctioiial siNA to enable improved 
deliveiy or phamiacokinetic profiling. 

Figure 120 shows a non-limiting example of an experiment designed to determine 
the effect of absolute based paired sequence length of siNA constructs on RNAi efficacy. 

5 A well chamcterized site for siNA mediated inhibition, HBV KNA site 263 was chosen and 
siNA molecules ranging in length fi^om 19 to 39 ribonucleotide base pairs in length with 
3 '-terminal dinucleotide TT overhangs. Transfection of the human hepatocellular 
carcinoma cell line. Hep G2, with replication-competent HBV DNA results in the 
expression of HBV proteins and the production of virions. To test the efficacy of 

1 0 diflferening length siNAs targeted against HBV RNA, several siNA duplexes targeting site 
263 wifliin HBV pregenomic RNA were co-transfected witii HBV genomic DNA once at 
25 nM with lipid at 12.5 ug/ml mto Hep G2 cells, and the subsequent levels of HBV RNA 
analyzed by RT PGR compared to cells treated with an inverted siNA control to site 263 
and untreated cells. As shown in the figure, the siNA constructs from 19 to 39 base pairs 

1 5 were all efficacious in inhibiting HBV RNA in this system. 

DETAILED DESCRIPTION OF TBOE INVENTION 

Mechanism of action of Nucleic Acid Molecules of the Invention 

The discussion that follows discusses tiie proposed mechanism of RNA interference 
mediated by short interfermg RNA as is presently known* and is not meant to be limiting 

20 and is not an admission of prior art Applicant demonstrates herein ttiat 
chemically-modified short interfering nucleic acids possess sunilar or improved capacity to 
mediate RNAi as do siRNA molecules and are expected to possess improved stability and 
activity in vrvo; tiierefore, tiiis discussion is not meant to be limited to siRNA only and can 
be applied to siNA as a whole. By "improved capacity to mediate RNAi" or "improved 

25 RNAi activity*' is meant to include RNAi activity measured in vitro and/or in vivo where 
the RNAi activity is a reflection of both the ability of the siNA to mediate RNAi and the 
stability of the siNAs of the invention. In tiiis invention, the product of these activities can 
be increased in vitro and/or in vivo compared to an all RNA siRNA or a siNA containing a 
plurality of ribonucleotides. In some cases, the activity or stability of the siNA molecule 

30 can be decreased (i.e., less than ten-fold), but the overall activity of the siNA molecule is 
enhanced in vitro and/or in vivo. 
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RNA interference refers to the process of sequence specific post-transcriptional gene 
silencing in animals tnediated by short interfering KNAs (siRNAs) (Zamore et aL, 2000, 
Cell, 101, 25-33; Fire et aL, 1998, Nature, 391, 806). The corresponding process in plants is 
commonly referred to as post-transcriptional gene silencing or RNA silencing and is. also 

5 referred to as quelling in fungi. The process of post-transcriptional gene silencing is 
thought to be an evolutionarily-conserved cellular defense mechanism used to prevent the 
expression of foreign genes which is conunonly shared by diverse flora and phyla (Fire et 
aL, 1999, Trends Genet, 15,358). Such protection from foreign gene expression may have 
evolved in response to the production of double-stranded RNAs (dsRNAs) derived firom 
10 vital infection or the random integration of transposon elements into a host genome via a 
cellular response that specifically destroys homologous single-stranded RNA or viral 
genomic RNA. The presence of dsRNA in cells triggers the RNAi response though a 
mechanism that has yet to be fiiUy characterized. This mechanism appears to be different 
from the interferon response that results fix>m dsRNA-mediated activation of protein kinase 

15 PKR and 2\ 5*-oligoadenylate synthetase resulting m non-specific cleavage of mRNA by 
ribonuclease L. ^ 

The presence of long dsRNAs in cells stimulates the activity of a ribonuclease III 
enzyme referred to as Dicer. Dicer is involved in the processing of the dsRNA into short 
pieces of dsRNA known as short interfering KNAs (siRNAs) (Berstein et aL, 200 1 , Nature, 

20 409, 363). Short interfering RNAs derived firom Dicer activity are typically about 21 to 

• - about 23 nucleotides in length and comprise about 19 base pair duplexes. Dicer has also 
been implicated in the excision of 21- and 22-nucleotide small temporal RNAs (stRNAs) 
firom precursor RNA of conserved structure that are implicated in trai^lational control 
(Hutvagner et aL, 2001, Science, 293, 834). The RNAi response also features an 

25 endonuclease complex containing a siRNA, commonly referred to as an RNA-induced 
silencing complex (RISC), which mediates cleavage of single-stranded RNA having 
sequence homologous to the siRNA. Cleavage of the target RNA takes place in the middle 
of the region complementary to the guide sequence of the siRNA duplex (Elbashir et oL, 
2001, Genes Dev., 15, 188). In addition, RNA interference can also involve small RNA 

30 (e.g., micro-RNA or miRNA) mediated gene silencing, presumably tiiough cellular 
mechanisms that regulate chromatin structure and thereby prevent transcription of target 
gene sequences (see for example Allshire, 2002, Science, 297, 1818-1819; Volpe et aL, 
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2002, Science, 297, 1833-1837; Jenuwein, 2002, Science, 297, 2215-2218; and Hall et aL, 
2002, Science, 297, 2232-2237). As such, siNA molecules of the invention can be used to 
mediate gene silencing via interaction with RNA transcripts or alternately by interaction 
wifli particular gene sequences, wherein such interaction results in gene silencing eittier at 
S the transcriptional level or post-transcriptional level. 

RNAi has been studied in a variety of systems. Fire et al, 1998, Nature, 391, 806, 
were the first to observe RNAi in C. elegans. Wianny and Goetz, 1999, Nature Cell Biol., 
2, 70, describe RNAi mediated by dsRNA in mouse embiyos. Hanmiond et aL, 2000, 
Nature, 404, 293, describe RNAi in Drosophila cells transfected with dsRNA. Elbashir et 

10 al, 2001, Nature, 411, 494, describe RNAi induced by introduction of duplexes of 
synthetic 21 -nucleotide RNAs in cultured mammalian cells including human embryonic 
kidney and HeLa cells. Recent work in Drosophila embiyonic lysates has revealed certain 
requirements for siRNA length, stmcture, chemical composition, and sequence diat are 
essential to mediate efficient RNAi activity. These studies have shown that 21 nucleotide 

IS siRNA duplexes are most active when containing two 2-nucleotide 3 -terminal nucleotide 
overhangs. Furthermore, substitution of one or both siRNA strands with 2'-deoxy or 
2'-0-methyl nucleotides abolishes RNAi activity, whereas substitution of 3 -terminal 
siRNA nucleotides with deoxy nucleotides was shown to be tolerated. ^Gsmatoh 
sequences in the center of the siRNA duplex were also shown to abolish RNAi activity. In 

20 addition, these studies also indicate that the position of tiie cleavage site in the target RNA 
is defined by the S*-end of the siRNA guide sequence rather tiian the 3*-end (Elbashir et a/., 
2001, EMBO J., 20, 6877). Other studies have indicated that a 5'-phosphate on the 
target-complementary strand of a siRNA duplex is required for siRNA activity and that 
ATP is utilized to maintain the S -phosphate moiety on the siRNA (Nykanen et aL, 2001, 

25 Cell, 107, 309); however, siRNA molecules lacking a 5 -phosphate are active when 
intn>duced exogenously, suggesting that 5 -phosphorylation of siRNA constructs may 
occur in vivo. 

Duplex Foming Oligonucleotides (DFO"^ of the Invention 

In one embodiment, the invention features siNA molecules comprising duplex 
30 forming oligonucleotides (DFO) that can self-assemble into double stranded 
oligonucleotides. The duplex forming oligonucleotides of the invention can be chemically 
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synttiesized or expressed from transcription units and/or vectors. The DFO molecules of 
the instant invention provide useful reagents and methods for a variety of therapeutic, 
diagnostic, agricultural, veterinary, target validation, genomic discovery, genetic 
engineering and pharmacogenomic applications. 

5 Applicant demonstrates herein that certain oligonucleotides, refered to herein for 

convenience but not limitation as duplex forming oligonucleotides or DFO molecules, are 
potentmediatorsof sequence specific regulation of gene expression. The oligonucleotides 
of the invention are distinct from other nucleic acid sequences known in the art (e.g., 
siRNA, miRNA, stRNA, shRNA, antisense oUgonucleotides etc.) in that they represoat a 

10 class of linear polynucleotide sequences diat are designed to self-assemble into double 
stranded oligonucleotides, where each strand in the double stranded oligonucleotides 
comprises a nucleotide sequence that is complementary to a target nucleic acid molecule. 
Nucleic acid molecules of tiie invention can tiius self assemble into functional duplexes in 
which each strand of the duplex comprises the same polynucleotide sequence and each 

15 strand comprises a nucleotide sequence ttiat is complementary to a target nucleic acid 
molecule. 

Generally, double stranded oligonucleotides are formed by the assembly of two 
distinct oligonucleotide sequences where the oligonucleotide sequence of one strand is 
complementary to the oligonucleotide sequence of the second strand; such double stranded 
- 20 oligonucleotides are assembled from two sepamte oligonucleotides, or from a single 
molecule that folds on itself to form a double stranded structure, often referred to in the 
field as hairpin stem-loop structure (e.g., shRNA or short hairpin RNA). These double 
stranded oligonucleotides known in the art all have a coirmion feature in that each strand of 
the duplex has a distict nucleotide sequence. 

25 Distinct from the double stranded nucleic acid molecules known in the art, the 

applicants have developed a novel, potentially cost effective and simplified method of 
forming a double stranded nucleic acid molecule starting from a single stranded or linear 
.oligonucleotide. The two strands of tiie double stranded oligonucleotide formed according 
to the instant invention have the same nucleotide sequence and are not covalently linked to 

30 each other. Such double-stranded oligonucleotides molecules can be readily linked 
post-synflietically by methods and reagents known in the art and are within ttie scope of flie 
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invention. In one embodiment, the single stranded oligonucleotide of the invention (the 
duplex fonning oligonucleotide) that forms a double stranded oligonucleotide comprises a 
first region and a second region, where the second region includes a nucleotide sequence 
that is an inverted repeat of the nucleotide sequence in the first region, 6r a portion thereof, 

5 such that the single stranded oligonucleotide self assembles to form a duplex 
oligonucleotide in which the nucleotide sequence of one strand of ttie duplex is the same as 
tiie nucleotide sequence of the second strand. Non-limiting examples of such duplex 
forming oligonucleotides are illustrated in Figures 94 and 95. These duplex forming 
oligonucleotides (DFOs) can optionally include certain palindrome or repeat sequences 

1 0 where such palindrome or repeat sequences are present in between the first region and ttie 
second region of the DFO. 

In one embodiment, the invention features a duplex formmg oligonucleotide (DFO) 
molecule, wherein flie DFO comprises a diq>lex forming self complementary nucleic acid 
sequence that has nucleotide sequence complementary to a target nucleic acid sequence. 
15 The DFO molecule can comprise a single self complementary sequence or a duplex 
resulting fiom assembly of such self complementary sequences. 

In one embodiment, a duplex forming oligonucleotide (DFO) of the invention 
comprises a first region and a second region, wherein the second region comprises a 
nucleotide sequence comprising an inverted repeat of nucleotide sequrace of flie first 
. 20 * region such that the DFO molecule can assemble into a double stranded oligoniicleptidie. 
Such double stranded oligonucleotides can act as a short interfering nucleic acid (siNA) to 
modulate gene expression. Each strand of the double stranded oli^nucleotide duplex 
formed by DFO rholecules of the invention can comprise a nucleotide sequence region that 
is complraientary to the same nucleotide sequence in a target nucleic acid molecule (e.g., 
25 target RNA). 

In one embodiment, the invention features a single stranded DFO that can assemble 
into a double stranded oligonucleotide. The applicant has surprisingly found that a single 
stranded oligonucleotide with nucleotide regions of self complementarity can readily 
assemble into duplex oligonucleotide constructs. Such DFOs can assemble into duplexes 
30 that can inhibit gene expression in a sequence specific manner. The DFO moleucles of the 
invention comprise a first region with nucleotide sequence that is complementary to the 
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nucleotide sequence of a second region and where the sequence of the first region is 
complementary to a target nucleic acid (e.g-, RNA). The DFO can form a double stranded 
oligonucleotide wherein a portion of each strand of the double stranded oligonucleotide 
comprises a sequence complementary to a target nucleic acid sequence. 

5 In one embodiment, the invention features a double stranded oligonucleotide^ 

wherein the two strands of the double stranded oligonucleotide are not covalently linked to 
each other, and wherein each strand of tiie double stranded oligonucleotide comprises a 
nucleotide sequence that is complementary to the same nucleotide sequence in a target 
nucleic acid molecule or a portion ttiereof. In anoflier embodiment, the two strands of flie 

10 double stranded oligonucleotide diare an identical nucleotide sequence of at least about 15, 
preferably at least about 16, 17, 18, 19, 20, or 21 nucleotides. 

In one embodiment, a DFO molecule of flie invention comprises a structure having 
Formula DFO-I: 

5'-p-X Z X'-3' 

1 5 wherein Z comprises a palindromic or repeat nucleic acid sequence optionally wifli one or 
more modified nucleotides (e,g., nucleotide with a modified base, such as 2-amino purine, 
2-amino-l ,6-dihydro purine or a universal base), for example of lengOt about 2 to about 24 
nucleotides in even numbers (e.g., about 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, or 22 or 24 
nucleotides), X r^oesents a nucleic acid sequence, for example of lengfli between about 1 
20 to about 21 nucleotides (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, 13, 14, 15, 16, 17, 18, 
19, 20, or 21 nucleotides), X' comprises a nucleic acid sequence, for example of length 
about 1 and about 21 nucleotides(e.g.,about 1,2,3,4,5,6,7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20 or 21 nucleotides) having nucleotide sequence complementarity to sequence 
X or a portion thereof, p comprises a terminal phosphate group that can be present or absent, 
25 * and wherein sequence X and Z, either independently or together, comprise nucleotide 
sequence that is complementary to a target nucleic acid sequence or a portion thereof and is 
of length sufficient to interact (e.g., base pair) with the target nucleic acid sequence or a 
portion thereof. For example, X independenfly can comprise a sequence from about 12 to 
about 21 or more (e.g., about 12, 13, 14, 15,16, 17, 18, 19, 20, 21, or more) nucleotides in 
30 length that is complementary to nucleotide sequence in a target RNA or a portion thereof. 
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In another non-limiting example, the length of the nucleotide sequence of X and Z togetfier, 
when X is present, that is complementary to the target KNA or a portion fliereof is from 
about 12 to about 21 or more nucleotides (e.g., about 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 
or more). In yet another non-limiting example, when X is absent, the length of the 
5 nucleotide sequence of Z that is complementary to the target RNA or a portion thereof is 
from about 12 to about 24 or more nucleotides (e.g., about 12, 14, 16, 18, 20, 22, 24, or 
more). In one embodunent'X, Z and X' are independently oligonucleotides, wheic X 
and/or Z comprises a nucleotide sequence of length sufficient to interact (e.g., base pair) 
with a nucleotide sequence in the target RNA or a portion lliereof. In one embodimrat, flie 
10 lengths of oligonucleotides X and X' are identical. In anotfier embodiment, the lengths of 
oligonucleotides X and X' are not identical. In another embodiment, Ae lengttis of 
oKgonucleotides X and Z, or Z and X% or X, Z and X' are eiflier identical or different 

When a sequence is described in this specification as being of "sufficient length to 
interact (i.e. , base pair) wifli another sequence, it is meant that the tihe lengfli is such tiiat the 
15 number of bonds hydrogen bonds) formed between the two sequences is enough to 
enable the two sequence to form a duplex under th? conditions of interest Such conditions 
can be m vitro (e.g., for diagnostic or assay purposes) or in vivo (e.g.^ for thempeutic 
purposes). It is a simple and routine matter to determine such lengths. 

In one embodunent, the invention features a double stranded oligonucleotide 
20 constmct having Formula DFO-I(a): 

5'-p-X Z X'-3' 
3'-X^ZX-p-5' 

wherein Z comprises a palindromic or repeat nucleic acid sequence or palindromic or 
repeat-like nucleic acid sequence with one or more modified nucleotides (e.g., nucleotides 
witii a modified base, such as 2-amino purine, 2-amino-l,6-dihydro purine or a universal 
25 base), for example of length about 2 to about 24 nucleotides in even numbers (e.g., about 2, 
4, 6, 8, 10, 12, 14, 16, 18, 20, 22 or 24 nucleotides), X represents a nucleic acid sequence, 
for example of lengfli about 1 to about 21 nucleotides (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or 21 nucleotides), X' comprises a nucleic acid 
sequence, for example of length about 1 to about 21 nucleotides (e.g., about 1, 2, 3, 4, 5, 6, 
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7, 8, 9. 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21 nucleotides) having nucleotide 
sequence complementarity to sequence X or a portion thereof, p comprises a terminal 
phosphate group that can be present or absent, and wherein each X and Z independently 
comprises a nucleotide sequence that is complementary to a target nucleic acid sequence or 

5 a portion thereof and is of lengdi sufficient to interact with the target nucleic acid sequence 
of a portion thereof. For example, sequence X independently can comprise a sequence 
ftom about 12 to about 21 or more nucleotides (e.g., about 12, 13, 14, 15, 16, 17, 18, 19,20, 
21, or more) in length that is complementary to a nucleotide sequence in a target KNA or a 
portion thereof. In another non-limiting example, tiie length of the nucleotide sequence of 

10 X and Z together (when X is present) that is complementary to the target RNA or a portion 
thereof is from about 12 to about 21 or more nucleotides (e.g., about 12, 13, 14, 15, 16, 17, 
1 8, 1 9, 20, 21 , or more). In yet another non-limiting example, when X is absent, the length 
of the nucleotide sequence of Z that is complementary to the target RNA or a portion 
thereof is from about 12 to about 24 or more nucleotides (e.g., about 12, 14, 16, 18, 20, 22, 

15 24 or more). In one embodiment X, Z and X* are independently oligonucleotides, where X 
and/or Z comprises a nucleotide sequence of length sufficient to interact (e.g., base pair) 
with nucleotide sequence in the target KNA or a portion flieieof. In one embodiment, the 
lengths of oligonucleotides X and X' are identical. In another embodiment the leng&s of 
oligonucleotides X and X' are not identical. In anotibier embodiment, the lengths of 

20 oligonucleotides X and Z or Z and X' or X, Z and X' are eittier identical or different In one 
. embodnnent, the double stranded oligonucleotide construct of Formula I(a)mcludes one or 
more, specifically 1, 2, 3 or 4, mismatches, to the extent such mismatches do not 
significantly Hminissh the ability of the double stranded oligonucleotide to inhibit target 
gene es^ression. 

25 In one embodiment, a DFO molecule of the invention comprises stmcture having 

Formula DFO-II: 

S'-p-X X'-3' 

wherein each X and X' are independently oligonucleotides of length about 12 nucleotides 
to about 21 nucleotides, wherein X comprises, for example, a nucleic acid sequence of 
30 length about 12 to about 21 nucleotides (e.g., about 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21 
nucleotides), X' comprises a nucleic acid sequence, for example of length about 12 to about 
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21 nucleotides (e.g., about 12, 13, 14, 15, 16, 17, 18, 19, 20, or 21 nucleotides) having 
nucleotide sequence complementarity to sequence X or a portion thereof, p comprises a 
terminal phosphate group that can be present or absent, and wherein X comprises a 
nucleotide sequence that is complementary to a target nucleic acid sequence (e.g., RNA) or 
5 a portion thereof and is of length sufficient to mteract (e.g., base pair) with the target 
nucleic acid sequence of a portion thereof. In one embodiment, the length of 
oligonucleotides X and X' are identical. In another embodiment the length of 
oligonucleotides X and X* are not identical. In one embodiment, length of the 
oligonucleotides X and X' are sufBcint to form a relatively stable double stranded 
10 oligonucleotide. 

In one embodiment, the invention features a double stranded oligonucleotide 
construct having Formula DFO-n(a): 

5'-p-XX»-3' 
3'-X' X-p-5' 

wherein each X and X' are independently oligonucleotides of length about 12 nucleotides 
15 to about 21 nucleotides, wherein X comprises ^ nucleic acid sequence, for example of 
lengfli about 12 to about 21 nucleotides (e,g., about 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21 
nucleotides), X* comprises a nucleic acid sequence, for example of length about 12 to about 
21 nucleotides (e.g., about 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21 nucleotides) having 
nucleotide sequence, complementarity to sequence X or a portion thereof, p comprises a 
20 terminal phosphate group that can be present or absent, and wherein X comprises 
nucleotide sequence that is complementary to a target nucleic acid sequence or a portion 
thereof and is of length sufficient to interact (e.g., base pair) with the target nucleic acid 
sequence (e.g., RNA) of a portion thereof. In one embodiment, the lengths of 
oligonucleotides X and X' are identical. In another embodiment, the lengths of 
25 oligonucleotides X and X* are not identical. In one embodiment, the lengths of the 
oligonucleotides X and X' are sufficint to form a relatively stable double stranded 
oligonucleotide. . In one embodim^t, the double stranded oligonucleotide construct of 
Formula n(a) includes one or more, specifically 1 , 2, 3 or 4 , mismatches, to the extent such 
mismatohes do not significantly diminish the ability of the double stranded oligonucleotide 
30 to inhibit target gene expression. 

140 



MBHB 03-46S-]^ (400/160) 

PCT/USOH-y 

In one embodiment, tiie invention featuies a DFO molecule having Fonnula 
DFO-I(b): 

5*-p-Z>-3' 

where Z comprises a palindromic or repeat nucleic acid sequence optionally including one 
5 or more non-standard or modified nucleotides (e.g., nucleotide with a modified base, such 
as 2-amino purine or a universal base) that can facilitate base-pairing with other nucleotides. 
Z can be, for example, of length sufficient to interact (e.g., base pair) wifli nucleotide 
sequence of a target nucleic acid (e.g., RNA) molecule, preferably of length of at least 12 
nucleotides, specifically about 12 to about 24 nucleotides (e.g., about 12, 14, 16, 18, 20, 22 
10 or 24 nucleotides), p represents a terminal phosphate group that can be present or absent 

In one embodiment, a DFO molecule having any of Formula DFO-I, DFO-I(a), 
DFO-I(b), DFO-n(a) or DFO-II can comprise chemical modifications as described herein 
without limitation, such as, for example, nucleotides having any of Formulae I-VII, 
stabilization chemistries as described in Table IV, or any other combination of modified 
1 S nucleotides and non-nucleotides as described in the various embodiments herein. 

•Li one embodiment, the palidrome or repeat sequence or modified nucleotide (e.g., 
nucleotide with a modified base, such as 2-amino purine or a universal base) in Z of DFO 
constructs having Formula DFO-I, DFO-I(a) and pFO-I(b), comprises chemically 
modified nucleotides, that are able to interact with a portion of the target nucleic acid 
20 sequence (e.g., modified base analogs that can form Watson Crick base pairs or 
non-Watson Crick base pairs). 

In one embodiment, a DFO molecule of the invention, for example a DFO having 
Formula DFO-I or DFO-II, comprises about 15 to about 40 nucleotides (e.g., about 15, 16, 
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40 
25 nucleotides). In one embodiment, a DFO molecule of the invention comprises one or more 
chemical modifications. In a non-limiting example, the introduction of chemically 
modified nucleotides and/or non-nucleotides into nucleic acid molecules of the invention 
provides a powerfiil tool in overcoming potential limitations of in vivo stability and 
bioavailability inherent to unmodified KKA molecules that are delivered exogenously. For 
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example, the use of chemically modified nucleic acid molecules can enable a lower dose of 
a particular nucleic acid molecule for a given therapeutic effect smce chemically modified 
nucleic acid molecules tend to have a longer half-life in serum or in cells or tissues. 
Furthermore, certain chemical modifications can improve the bioavailability and/or 
5 potency of nucleic acid molecules by not only enhancing half-life but also facilitating the 
targeting of nucleic acid molecules to particular organs, cells or tissues and/or improving 
cellular uptake of the nucleic acid molecules. Therefore, even if the activity of a 
chemically modified nucleic acid molecule is reduced in vitro as compared to a 
native/unmodified nucleic acid molecule, for example when compared to an umnodified 
10 RNA molecule, tiie overall activity of Ihe modified nucleic acid molecule can be greater 
than the native or unmodified nucleic acid molecule due to improved stability, potency, 
duration of effect, bioavailability and/or delivery of the molecule. 

Multifunctional or Multi-targeted siNA molecules of the Invention 

In one embodiment, the invention features siNA molecules comprising 
15 multifunctional short interfering nucleic acid (multifunctional siNA) molecules that 
modulate the expression of one or more genes in a biologic system, such as a cell, tissue, or 
organism. The multifunctional short interfering nucleic acid (multifunctional siNA) 
molecules of the invention can target more than one region of the target nucleic acid 
sequence or can target sequences of more ttian one distinct target nucleic acid molecules. 
20 The multifunctional siNA molecules of the invention can be chemically synthesized or 
. expressed from transcription units and/or vectors. The multifunctional siNA iholecules of 
the instant invention provide useful reagents and methods for a variety of human 
applications,, therapeutic, diagnostic, agricultural, veterinary, target validation, genomic 
discovery, genetic engineering and pharmacogenomic applications. 

25 Applicant demonstrates herein that certain oligonucleotides, refered to herein for 

convenience but not limitation as multifunctional short interfering nucleic acid or 
multifunctional siNA molecules, are potent mediators of sequence specific regulation of 
gene expression. The multifimctional siNA molecules of the invention are distinct firom 
other nucleic acid sequences known in the art (e.g., siRNA, miKNA, stRNA, shRNA, 

30 antisense oligonucleotides, etc.) m that they represent a class of polynucleotide molecules 
fliat are designed such that each strand in the multifunctional siNA constmct comprises a 
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nucleotide sequence that is complementaiy to a distinct nucleic acid sequence in one or 
moie target nucleic acid molecules. A single multifunctional siNA molecule (generally a 
double-stranded molecule) of the invention can thus target more than one (e.g., 2, 3, 4» 5> or 
more) differing target nucleic acid taiget molecules. Nucleic acid molecules of the 

S invention can also target more tiian one (e.g., 2, 3, 4» 5, or more) region of the same target 
nucleic acid sequence. As such multifunctional siNA molecules of ftte invention are useful 
in down regulating or inhibiting the expression of one or more target nucleic acid 
molecules. For example, a multifunctional siNA molecule of the invention can target 
nucleic acid molecules encoding a cytokine and its corresponding receptor(s), nucleic acid 

10 molecules encoding a virus or viral proteins and corresponding cellular proteins required 
for viral infection and/or replication, or differing strains of a particular virus. By reducing 
or inhibiting expression of more than one target nucleic acid molecule with one 
multifunctional siNA constmct, multifunctional siNA molecules of the invention represent 
a class of potent therapeutic agents that can provide simultaneous inhibition of multiple 

15 targets within a disease related pathway. Such simultaneous inhibition can provide 
synergistic therapeutic treatment strategies without the need for separate preclinical and 
clinical development efforts or complex regulatory approval process. 

Use of multifunctional siNA molecules tiiat target more then one region of a target 
nucleic acid molecule (e.g., messenger RNA) is expected to provide potent inhibition of 
20 gene expression. For example, a single multifunctional siNA constract of tiie invention can 
target both conserved and variable regions of a target nucleic acid molecule, tiiereby 
allowing down regulation or inhibition of different splice variants encoded by a single gene, 
or allowing for targetmg of both coding and non-coding regions of a target.nucleic acid 
molecule. 

25 Generally, double stranded oligonucleotides are formed by the assembly of two 

distinct oligonucleotides where the oligonucleotide sequence of one strand is 
complementary to the oligonucleotide sequence of the second strand; such double stranded 
oligonucleotides are generally assembled from two separate oligonucleotides (e.g., siRNA). 
Alternately, a duplex can be formed from a single molecule that folds on itself (e.g., shRNA 

30 or short hairpin RNA). These double stranded oligonucleotides are known in the art to 
mediate RNA^ interference and all have a common feature wherein only one nucleotide 
sequence region (guide sequence or the antisense sequence) has complementarity to a 
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target nucleic acid sequence and the other strand (sense sequence) comprises nucleotide 
sequence that is homologous to the target nucleic acid sequence. Generally, the antisense 
sequence is retained in the active RISC complex and guides the RISC to the target 
nucleotide sequence by means of complementary base-pairing of the antisense sequence 
5 with the target seqeunce for mediating sequence-specific RNA interference. It is known in 
the art that in some cell culture systems, certain ^es of uimiodified siRNAs can exhibit 
"off targef ' effects. It is hypothesized that this off-target effect involves the participation of 
the sense sequence instead of the antisense sequence of the siRNA in the RISC complex 
(see for example Schwaiz et al., 2003, Cell, US, 199-208). In this instance the sense 
10 sequence is believed to direct the RISC comply to a sequence (off-target sequence) that is 
distinct fix>m the intended target sequence, resulting in the inhibition of the off-target 
sequence. In tibese double stcaiided nucleic acid molecules, each strand is complementary 
to a distinct target nucleic acid sequence. However, the off-targets that are affected by 
fliese dsRNAs are not entirely predictable and are non-specific. 

IS ^ Distinct from the double stranded nucleic acid molecules known in the art, the 
applicants have developed a novel, potentially cost effective and simplified method of 
down regulating or inhibiting the expression of more than one target nucleic acid sequence 
using a single multifunctional siNA construct The multifunctional siNA molecules of the 
invention are designed to be double-stranded or partially double stranded, such that a 

20 portion of each strand or region of the multifunctional siMA is complementary to a target 
nucleic acid sequence of choice. As such, the multifimctiohal siNA molecules of the 
invention are not limited to targeting sequences that are complementary to each other, but 
rather to ahy two differing target nucleic acid sequences. Multifunctional siNA molecules 
of the invention are designed such that each strand or region of the multifunctional siNA 

25 molecule, that is complementary to a given target nucleic acid sequence, is of suitable 
length {e.g.y from about 16 to about 28 nucleotides in length, preferably from about 18 to 
about 28 nucleotides in length) for mediating RNA interference against the target nucleic 
acid sequence. The complementarity between tiie target nucleic acid sequence and a strand 
or region of &e multifunctional siNA must be sufficient (at least about 8 base pairs) for 

iO cleavage of tiie target nucleic acid sequence by RNA interference, multifunctional siNA of 
the invention is expected to minimize off-target effects seen with certain siRNA sequences, 
such as those described in (Schwaiz et aL, supra). 
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It has been reported that dsRNAs of length between 29 base pairs and 36 base pairs 
(Tuschl et al, International PCX Publication No. WO 02/44321) do not mediate RNAi. 
One reason these dsRNAs are inactive may be the lack of tumover or dissociation of the 
strand that interacts with the target RNA sequence, such that the RISC complex is not able 

5 to efficiently interact with multiple copies of the target RNA resultinig in a significant 
decrease in the potency and efficiency of the RNAi process. Applicant has surprisingly 
found that the multifunctional siNAs of flie mvention can overcome this hurdle and are 
capable of enhancing the efficiency and potency of RNAi process. As such, in certain 
embodiments of the invention, multifunctional siNAs of length between about 29 to about 

10 36 base pairs can be designed such that, a portion of each strand of the multifurictional 
siNA molecule comprises a nucleotide sequence region that is complementary to a target 
nucleic acid of length sufiBcient to mediate RNAi efficiently (e.g., about 15 to about 23 
base pairs) and a nucleotide sequence region that is not complementary to flie target nucleic 
acid. By havmg both complementary and non-complementary portions in each strand of 

15 the multifunctional siNA, flie multifunctional siNA can mediate RNA interference against 
a target nucleic acid sequence without being prohibitive to tumover or dissociation (eg:, 
where the lengdi of each strand is too long to mediate RNAi against the respective target 
nucleic acid sequence). Furthermore, design of multifunctional siNA molecules of the 
invention wifli internal overlapping regions allows the multifunctional siNA molecules to 

20 be of fevorable (decreased) size for mediating RNA interference and of size that is well 
. suited for use as a th^peutic agent (eg., wherein each strand is independently from about 
18 to about 28 nucleotides in lengdi). Non-limiting examples are lillustrated in the 
enclosed Figures 96-101 and 112. 

In one embodiment, a multifunctional siNA molecule of the invention comprises a 
25 first region and a second region, where the first region of the multifunctional siNA 
comprises A nucleotide sequence complementary to a nucleic acid sequence of a first target 
nucleic acid molecule, and flie second region of the multifunctional siNA comprises 
nucleic acid sequence complementary to a nucleic acid sequence of a second target nucleic 
acid molecule. In one embodiment, a multifunctional siNA molecule of the invention 
30 comprises a first region and a second region, where tiie first region of the multifunctional 
siNA comprises nucleotide sequence complementary to a nucleic acid sequence of the first 
region of a target nucleic acid molecule, and the second region of the multifunctional siNA 
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comprises nucleotide sequence complementary to a nucleic acid sequence of a second 
region of a the target nucleic acid molecule. In another embodiment, the first region and 
second region of the multifunctional siNA can comprise separate nucleic acid sequences 
that share some degree of complementarity (e.g., from about 1 to about 10 complementary 

5 nucleotides). In certain embodiments, multifunctional siNA constructs comprising 
separate nucleic acid seqeunces can be readily linked post-synthetically by methods and 
reagents known in the art and such linked constructs are within the scope of the mvention. 
Alternately, the first region and second region of the multifunctional siNA can comprise a 
single nucleic acid sequence having some degree of self complementarity, such as in a 

1 0 hairpin or stem-loop stmcture. Non-limiting examples of such double stranded and haiipm 
multifunctional short mterfering nucleic acids are illustrated in Figures 96 and 97 
respectively. These multifunctional short interfering nucleic acids (multifunctional siNAs) 
can optionally include certain overlapping nucleotide sequence where such overlapping 
nucleotide sequence is present in between the first region and the second region of the 

15 multifunctional siNA (see for example Figures 98 and 99). 

In one embodiment, the invention features a multifunctional short interfering nucleic 
acid (multifunctional siNA) molecule, wherein each strand of the the multifunctional siNA 
independentiy comprises a first region of nucleic acid sequence that is complementary to a 
distinct target nucleic acid sequence and the second region of nucleotide sequence that is 
20 not complementary to the target sequence. The target nucleic acid sequence of each strand 
. is in tiie same target nucleic acid molecule or different target nucleic acid molecules. 

In another embodiment, the multifunctional siNA comprises two strands, where: (a) 
the first strand comprises a region having sequence complementarity to a target nucleic 
acid sequence (complementary region 1) and a region having no sequence complementarity 
25 to the target nucleotide sequence (non-complementary region 1); (b) the second strand of 
flie multifunction siNA comprises a region having sequence complementarity to a target 
nucleic acid sequence that is distinct from the target nucleotide sequence complementary to 
the first strand nucleotide sequence (conoplementary region 2), and a region having no 
sequence complementarity to the target nucleotide sequence of complementary region 2 
30 (non-complementary re^on 2); (c) the complementary region 1 of the first strand 
comprises a nucleotide sequence that is complementary to a nucleotide sequence in the 
non-complementary region 2 of tiie second strand and the complementary region 2 of the 
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second strand comprises a nucleotide sequence that is complementaxy to a nucleotide 
sequence in the non-complraientaiy region 1 of the first strand. The target nucleic acid 
sequence of complementary region 1 and complementary region 2 is in the same target 
nucleic acid molecule or difiTerent target nucleic acid molecules. 

5 In another embodiment, the multifunctional siNA comprises two strands, where: (a) 

the first strand comprises a region having sequence complementarity to a target nucleic 
acid sequence derived fix>m a gene (e.g., mammalian gene, viral gene or genome, bacterial 
gene or a plant gene) (complementary region 1) and a region having no sequence 
complementarity to the target nucleotide sequence of complementary region 1 

10 (non-complementary region 1); (b) the second strand of the multifunction siNA comprises 
a region having sequence complementarity to a target nucleic acid sequence derived from a 
gene that is distinct from the gene of complementary region 1 (complementary region 2), 
and a region having no sequence complementarity to the target nucleotide sequence of 
complementary region 2 (non-complementary region 2); (c) the complementary region 1 of 

15 the first strand comprises a nucleotide sequence that is complementary to a nucleotide 
sequence in the non-complementary region 2 of the second strand and the complementary 
region 2 of the second strand comprises a nucleotide sequence ^t is complementary to a 
nucleotide sequence in the non-complementary region 1 of the first strand. 

In another embodiment, the multifunctional siNA comprises two strands, where: (a) 
20 the first strand comprises a region having sequence complementarity to a target nucleic 
acid sequence derived from a gene (e.g., mammalian gene, viral gene or genome, bacterial 
gene or a plant gene) (complementary region 1) and a region having no sequence 
complementarity to the target nucleotide sequence of complementary region 1 
(non-complementary region 1); (b) the second strand of the multifunction siNA comprises 
25 a region having sequence complementarity to a target nucleic acid sequence distinct from 
the target nucleic acid sequence of complementary region 1 (complementary region 2), 
provided, however, that the target nucleic acid sequence for complementary region 1 and 
target nucleic acid sequence for complementary region 2 are both derived from the same 
gene, and a region having no sequence complementarity to the target nucleotide sequence 
30 of complementary region 2 (non-complementary region 2); (c) the complementary region 1 
of the first strand comprises a nucleotide sequence that is complementary to a nucleotide 
sequence in Hie non-complementary region 2 of tiie second strand and the complementary 
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region 2 of the second strand comprises a nucleotide sequence that is complementary to 
nucleotide sequence in the non-cdmplementary region I of the first strand. 

In one embodiment, the invention features a multifunctional short interfering nucleic 
acid (multifunctional siMA) molecule, wherein the multifunctional siNA comprises two 
S complementary nucleic acid sequences in which the first sequence comprises a first re^on 
having nucleotide sequence complementary to nucleotide sequence within a target nucleic 
acid molecule, and in which the second seqeunce comprises a first region having nucleotide 
sequence complementary to a distinct nucleotide sequence within tiie same target nucleic 
acid molecule. Preferably, the first region of the first sequence is also complementary to tiie 
1 0 nucleotide sequence of the second region of the second sequence, and where flie first region 
of the second sequence is complementary to the nucleotide sequence of die second region 
of the first sequmce, 

la one embodiment, the invention features a multifunctional short interfering nucleic 
acid (multifunctional siNA) molecule, wherein* the multifunctional siNA comprises two 

1 5 complementary nucleic acid sequences in which the first sequence comprises a first region 
having a nucleotide sequence complementary to a nucleotide sequence within a first target 
nucleic acid molecule, and in which the second seqeunce comprises a first region having a 
nucleotide sequence complementary to a distinct nucleotide sequence within a second 
target nucleic acid molecule. Preferably, the first region of the first sequence is also 

20 complementary to the nucleotide sequence of the second region of flie second sequence, ' 
and where the first region of the second sequence is complementary to the nucleotide 
sequence of the second region of the first sequence. 

In one embodiment, the invention features a multifunctional siNA molecule 
comprising a first region and a second region, where the first region comprises a riucleic 
25 acid sequence having between about 1 8 to about 28 nucleotides complementary to a nucleic 
acid sequence within a first target nucleic acid molecule, and the second region comprises 
nucleotide sequence having between about 18 to about 28 nucleotides complementary to a 
distinct nucleic acid sequence within a second target nucleic acid molecule. 

In one embodiment, the invention features a multifunctional siNA molecule 
30 comprising a first region and a second region, where the first region comprises nucleic acid 
sequence having between about 1 8 to about 28 nucleotides complementary to a nucleic acid 
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sequence within a target nucleic acid molecule, and the second region comprises nucleotide 
sequence having between about 18 to about 28 nucleotides complementary to a distinct 
nucleic acid sequence within the same, target nucleic acid molecule. 

In one embodiment, the invention features a double .stranded multifunctional short 
5 interfering nucleic acid (multifimctional siNA) molecule, wherein one strand of the 
multifunctional siNA comprises a first region having nucleotide sequence complementary 
to a first target nucleic acid sequence, and the second strand comprises a first region having 
a nucleotide sequence complementary to a second target nucleic acid sequence. The first 
and second target nucleic acid sequences can be present in separate target nucleic acid 
10 molecules or can be different regions wiflnn the same target nucleic acid molecule. As 
such, multifimctional siNA molecules of tiie invention can be used to target the expression 
of different gmes, splice variants of Ae same gene, boA mutant and conserved regions of 
one or more gene transcripts, or both coding and non-coding sequences of the same or 
differeing genes or gene transcripts. 

15 In one embodiment, a target nucleic acid molecule of the invention encodes a single 

protem. In another embodiment, a target nucleic acid molecule encodes more than one 
protein (e.g., 1, 2, 3, 4, 5 or more proteins). As such, a multifunctional siNA construct of 
the invention can be used to down regulate or inhibit the expression of several proteins. For 
example, a multifunctional siNA molecule comprising a region in one strand having 

20 nucli^tide sequence complementarity to a first tar^^t nucleic acid sequence deriv 

gene encoding one protein (e.g., a cytokine, such as vascular endothelial growth factor or 
VEGF) and the second strand con^sing a region with nucleotide sequence 
complementarity to a second tai^et nucleic acid sequence present in target nucleic aeid 
molecules derived firom genes encoding two proteins (e.g., two differing receptors, such as 

25 VEGF receptor 1 and VEGF receptor 2, for a single cytokine, such as VEGF) can be used 
to down regulate, inhibit, or shut down a particular biologic pathway.by targeting, for 
example, a cytokine and receptors for tihie cytokine, or a ligand and receptors for the ligand. 

In one embodiment tiie invention takes advantage of conserved nucleotide sequences 
present in different isoforms of cytokines or ligands and receptors for the cytokines or 
30 ligands. By designing multifunctional siNAs in a manner where one strand includes a 
sequence that is complementary to a target nucleic acid sequence conserved among various 
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isofonns of a cytokine and the other strand includes sequence that is complementary to a 
target nucleic acid sequence conserved among the receptors for the cytokine, it is possible 
to selectively and effectively modulate or inhibit a biological pathway or multiple genes in 
a biological pathway using a single multifunctional siNA. 

5 In anotiier nonlimiting example, a multifunctional siNA molecule comprising a 

region in one stiand having a nucleotide sequence complementarity to a first target nucleic 
acid sequence present in target nucleic acid molecules encoding two proteins (e.g., two 
isoforms of a cytokine such as VEGF, inlcuding for example any of VEGF-A, VEGF-B, 
VEGF-C, and/or VEGF-D) and the second strand comprising a region with a nucleotide 

10 sequence complementarity to a second target nucleic acid sequence present in target 
nucleotide molecules encoding two additional proteins (e.g., two differing receptors for the 
cytokine, such as VEGFRl, VEGFR2, and/or VEGFR3) can be used to down regulate, 
inhibit, or shut down a particular biologic pathway.by targeting diff^ient isofonns of a 
.cytokine and receptors for such cytokines. 

15 In another non-limiting example, a multifunctional siNA molecule comprising a 

region in one strand having a nucleotide sequence complementarity to a first target nucleic 
acid sequence derived firom a target nucleic acid molecule encoding a virus or a viral 
protein (e.g., HIV) and flie second strand comprising a region having a nucleotide sequence 
complementarity to a second target nucleic acid sequence present in target nucleic acid 

20 molecule encoding a cellular protein (e.g., a receptor for the virus, such as CCR5 receptor 
for HTV) can be used to down regulate, inhibit, or shut down ttie viral replication and 
infection by targeting the virus and cellular proteins necessary for viral infection or 
replication. 

In another nonlimiting example, a multifunctional siNA molecule comprising a 
25 region in one strand having a nucleotide sequence complementarity to a first target nucleic 
acid sequence (e.g., conserved sequence) present in a target nucleic acid molecule such as a 
viral genome (e.g., HIV genomic KNA) and the second strand comprising a region having a 
nucleotide sequence complementarity to a second target nucleic acid sequence (e.g., 
conserved sequence) present in target nucleic acid molecule derived from a gene encoding 
30 a viral protein (e.g., HIV proteins, such as TAT, REV, ENV or NEF) to down regulate. 
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inhibit, or shut down the viral repUcation and infection by targeting the viral genome and 
viral encoded proteins necessary for viral infection or replication. 

In one embodiment the invention takes advantage of conserved nucleotide sequences 
present in different strains, isotypes or forms of a virus and genes encoded by these 
5 different strains, isotypes and forms of the virus. By designing multifunctional siNAs in a 
manner where one strand includes a sequence that is complementary to target nucleic acid 
sequence conserved among various strains, isotypes or forms of a vims and the other strand 
includes sequence that is complementary to target nucleic acid sequence conserved in a 
protein encoded by the vims, it is possible to selectively and effectively inhibit viral 
10 replication or infection using a sinle multifunctional siNA. 

In one embodiment, a multifunctional short interfering nucleic acid (multifunctional 
siNA) of the nrvention comprises a region in each strand, wherem the region m one strand 
. comprises nucleotide sequence complementary to a cytokine and the region in the second 
strand comprises nucleotide sequence complementary to a corresponding receptor for the 
15 cytokine. Non-limiting exaipples of cytokmes include vascular endothelial gtowUi factors 
(e.g., VEGF-A, VEGF-B, VEGF-C, VEGF-D), interleukms (e.g., BL-lalpha, IHbeta, 
IL-2, IL-3. 11^. IL-5, IL-6, IL-7, 11^8. IL-9, IL-10. H^ll, 11-12, 11-13), tumor necrosis 
fectors (e.g., TNF-alpha, TNF-beta), colony stimulating fiictors (e.g., CSFs). interferons 
(e.g., IFN-gamma), nerve growth fectors (e.g., NGFs), epidermal growth fectors (e.g., 
.20 EOF), platelet derived giowtti factors (e.g., PDGF), fibroblast growfli factors (e.g., FGF), 
transformmg growth fectors (e.g., TGF-alpha and TGF-beta), erythropoietins (e.g., Epo), 
and Insulin Mke growth fectors (e.g., IGF-1. IGF-2) and non-limiting examples of cytokine 
receptors inchide receptors for each of Ae above cytokines. 

In one embodiment, a multifunctional short interfeaing nucleic acid (multi&nctior»l 
25 siNA) of the invention comprises a first region and a second region, wherein the fhrst region 
comprises nucleotide sequence complementary to a viral RNA of a first viral strain and the 
second region comprises nucleotide sequence complementary to a viral RNA of a second 
viral strafai. In one embodmuait, the first and second regions can comprise nucleotide 
sequence complementary to shared or conserved RNA sequences of differing viral strains 
30 or classes or viral strains. Non-limiting examples of viruses include Hepatitis C Virus 
(HCV), Hepatitis B Vims (HBV), Human Immunodeficiency Vous type 1 (HIV-1), 
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Human Immunodeficiency Virus type 2 (HIV-2), West Nile Virus (WNV), 
cytomegalovirus (CMV), respiratory syncytial vims (RSV), influenza virus, ihinovirus, 
papillomavirus (HPV), Herpes Simplex Vims (HSV), severe acute respiratory virus 
(SARS), and other viruses such as HTLV. 

5 In one embodiment, a multifunctional short interfering nucleic acid (multifunctional 

siNA) of the invention comprises a first region and a second region, wherein the first region 
comprises a nucleotide sequence complementary to a viral RNA encoding one or more 
viruses (e.g., one or more strains of virus) and the second region comprises a nucleotide 
sequence complementary to a viral KNf A encoding one or more interferon agonist protems. 
10 In one embodiment, the first region can comprise a nucleotide sequence complementary to 
shared or conserved KNA sequences of diflfering viral strains or classes or viral strains. 
Non-limiting examples of viruses include Hepatitis C Virus (HCV), Hepatitis B Virus 
(HBV), Human Immunodeficiency Virus type 1 (HIV-1), Human Immunodeficiency Virus 
type 2 (HIV-2), West Nile Virus (WNV), cytomegalovirus (CMV), respiratory syncytial 
15 vims (RSV), influenza virus, rhinovirus, papillomavirus (HPV), Herpes Simplex Virus 
(HSV), severe acute respiratory virus (SARS), and other viruses such as HTLV. ■ 
Non-limiting example of interferon agonist proteins include any protein that is capable of 
inhibition or suppressing RNA silencing (e.g., RNA binding proteins such as E3L or NSl 
or equivalents thereof, see for example Li et aL, 2004, PNAS, 101, 1350-1355) 

20 m one embodiment, a multifunctional short interfering nucleic acid (multifunctional 

siNA) of ttie invention comprises a first region and a second region, wherein the first region 
comprises nucleotide sequence complementary to a viral RNA and the second region 
comprises nucleotide sequence complementary to a cellular RNA that is involved in viral 
infection and/or replication. Non-limiting examples of viruses include Hepatitis C Virus 
25 (H<JV), Hepatitis B Virus (HBV), Human Immunodeficiency Virus type 1 (HTV-l), 
Human Immunodeficiency Virus type 2 (HIV-2), West Nile Virus (WNV), 
cytomegaloviras (CMV), resphratory syncytial vims (RSV), influenza virus, rhinovirus, 
papillomavffus (HPV), Herpes Simplex Vims (HSV), severe acute respiratory vims 
(SARS), and other viruses such as HTLV. Non-limitmg examples of cellular RNAs 
30 involved in viral infection and/or replication include cellular receptors, cell surface 
molecules, cellular enzymes, cellular transcription factors, and/or cytokmes, second 
messengers, and cellular accessory molecules including, but not limited to, interferon 
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agonsit proteins (e.g., E3L or NSl or equivalents thereof, see for example Li et al, 2004. 
PAWS, 101, 1350-1355), interferon regulatory factors (IRFs); cellular PKR protein kinase 
(PKR); human eukaryotic initiation fectors 2B (elF2B gamma and/or elF2gamma); human 
DEAD Box protein (DDX3); and ceUulat proteins thatbind to the poly(U) tract of the HCV 
5 3'.UTR, such as polypyrimidine tract-binding protein. CD4 receptors. CXCR4 (Fusin; 
LESTR; NPY3R); CCR5 (CKR-5. CMKRB5); CCR3 (CC-CKR-3, CKR-3, CMKBR3); 
CCR2 (CCR2b, CMKBR2); CCRl (CKRl. CMKBRl); CCR4 (CKR-4); CCR8 (ChemRl. 
TERl. CMKBR8); CCR9 (D6); CXCR2 (IL-8RB); STRL33 (Bonzo; TYMSTR); US28; 
V28 (CMKBRLl, CX3CR1, GPR13); GPRl; GPR15 (BOB); Apj (AGTRLl); ChemR23 
10 receptors. Heparan Sulfete Proteoglycans. HSPG2; SDC2; SDC4; GPCl; SDC3; SDCl; 
Galactoceramides; Erythrocyte-expressed Glycolipids; N-myristoyltransferase (NMT. 
NMT2); Glycosylation Enzymes; gp-160 Processing Enzymes (PCSK5); Rfljonucleotide 
Reductase; Polyamine Biosynthesis enzymes; SP-1; NF-kappa B (NFKB2, RELA, and 
NFKBl); Tumor Necrosis Factor-alpha (TNF-alpha); Interleukm 1 alpha (IL-1 alpha); 
15 lnterleuIdn6(n^;PhospholipaseC(PIX:);ProteinKinaseC(PKQ.Cycl^^ 

PPIA, PPIE, PPIB, PWF, PPIG, and PPIC); Mitogen Activated Protein Kinase 
(MAP-Kinase. MAPKl); and Extracellular Signal-Regulated Kinase (ERK-Kinase), (see 
for example Schang, 2002, Journal of Antimicrobial Chemotherapy, 50. 779-792 and 
Ludwig al., 2003, D-ends. Mol. Med.. 9, 46-52). 

20 In one embodiment, a double stranded multifunctional siNA molecule of the 

invention comprises a structure having Formula MF-I: 

3'-Y'ZY-p-5' 

wherein each 5'-p-XZX'-3' and 5'-p-YZY'-3' are independently an oligonucleotide of 
length between about 20 nucleotides and about 300 nucleotides, preferably between about 
25 20 and about 200 nucleotides, about 20 and about 100 nucleotides, about 20 and about 40 
nucleotides, about 20 and about 40 nucleotides, about 24 and about 38 nucleotides, or about 
26 and about 38 nucleotides; XZ comprises a nucleic add sequence that is complementary 
to a first target nucleic acid sequence; YZ is an oligonucleotide comprising nucleic acid 
sequence that is complementary to a second target nucleic acid sequence; Z comprises 
30 nucleotide sequence of length about 1 to about 24 nucleotides (e.g., about 1 , 2, 3, 4, 5, 6, 7, 
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8, 9. 10. 11, 12, 13, 14. 15. 16. 17. 18, 19. 20. 21. 22. 23, or 24 nucleotides) that is self 
complimentaiy; X comprises nucleotide sequence of length about 1 to about 100 
nucleotides, preferably about 1 to about 21 nucleotides (e.g.. about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11. 12, 13, 14, 15, 16, 17, 18, 19, 20, or 21 nucleotides) «iat is complanentaiy to nucleotide 

5 sequence present in region Y'; Y comprises nucleotide sequence of length about 1 to about 
100 nucleotides, prefereably about 1- about 21 nucleotides (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 

9. 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21 nucleotides) that is complementary to 
nucleotide sequence present in region X'; each p comprises a terminal phosphate group ttiat 
is independently present or absent; each XZ and YZ is independently of length sufficient to 

10 stably interact (i.e., base pair) with the first and second target nucleic acid sequence, 
respectively, or a portion Ihereot For example, each sequence X and Y can independently 
comprise sequence ftom about 12 to about21 or more nucleotides in length (e.g., about 12, 
13, 14, 15, 16, 17, 18, 19, 20, 21, or more) ftat is complementary to a target nucleotide 
sequence in different target nucleic add molecules, such as target RNAs or a portion 
15 Aereof. In another non-limiting example, the length offlie nucleotide sequence of X and Z 
togeflier tot is complementary to the first target nucleic acid sequence (e.g., RNA) or a . 
portion hereof is ftom about 12 to about 21 or more nucleotides (e.g., about 12, 13, 14, 1 5, 
16, 17, 18, 19, 20, 21, or more). In anoflier non-limiting example, the lengfli of the 
nucleotide sequence ofY and Z together, tiiat is complementary to the second target nucleic 
20 acid sequence (e.g., RNA) or a portion thereof is from about 12 to about 21 or more 
nucleotides (e.g., about 12, 13, 14, 15, 16, 17, 18, 19,20,21,ormore). In one embodiment, 
the first target nucleic acid sequence and the second target nucleic acid sequence are 
present in the same target nucleic acid molecule. In another embodiment, the first target 
nucleic acid.seqnence and the second target nucleic acid sequence are present in different 
25 target nucleic acid molecules. In one embodiment, Z comprises a palindrome or a repeat 
sequence. In one embodiment, the lengths of oligonucleotides X and X' are identical. In 
another embodiment, the lengths of oligonucleotides X and X' are not identical. In one 
embodiment, the lengths of oligonucleotides Y and Y* are identical. In another 
embodiment, the lengths of oligonucleotides Y and Y' are not identical. In one 
30 embodiment, the double stranded oligonucleotide construct of Formula 1(a) includes one or 
more, specifically 1. 2, 3 or 4, mismatches, to the extent such mismatches do not 
significantly diminish the ability of the double stranded oUgonucleotide to inhibit target 
g^e expression. 
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In one embodiment, a multifunctional siNA molecule of the invention comprises a 
structure having Formula MF-II: 

5'-p-XX'-3» 
3»-Y' Y-p-5' 

wherein each 5'-p-XX'-3' and 5'-p-YY'-3' are independently an oligonucleotide of length 
5 between about 20 nucleotides and about 300 nucleotides, preferably between about 20 and 
about 200 nucleotides, about 20 and about 100 nucleotides, about 20 and about 40 
nucleotides, about 20 and about 40 nucleotides, about 24 and about 38 nucleotides, or about 
26 and about 38 nucleotides; X comprises a nucleic acid sequence that is complementary to 
a first target nucleic acid sequence; Y is an oUgonucleotide comprising nucleic acid 
10 sequence fliat is complementary to a second target nucleic acid sequence; X comprises a 
nucleotide sequence of length about 1 to about 100 nucleotides, prefisrably about 1 to about 
21 nucleotides (e.g., about 1, 2, 3. 4. 5, 6, 7, 8, 9, 10, 1 1. 12. 13, 14, 15. 16, 17, 18. 19. 20. or 
21 nucleotides) that is complementary to nucleotide sequence present in region Y'; Y 
comprises nucleotide sequence of lengfli about 1 to about 100 nucleotides, prefereably 
15 about 1 to about21 nucleotides (e.g.. about 1. 2. 3. 4. 5. 6. 7. 8, 9, 10, 1 1, 12, 13, 14, 15. 16, 
17, 18, 19, 20 or 21 nucleotides) that is complemOTtaiy to nucleotide sequence pres^ in 
region X'; each p comprises a termmal phosphate group that is independently present or 
absent; each X and Y independenfly is of lengfli sufBdent to slably interact (i.e.. base pair) 
with the first and second target nucleic acid sequence, respectively, or a portion thereof. 
20 For example, each sequence X and Y can independently comprise sequence ftom about 12 
to about 21 or more nucleotides in lengfli (e.g., about 12, 13, 14, 15, 16, 17. 18, 19. 20, 21, 
or more) fliat is complementaiy to a targpt nucleotide sequence in different target nucleic 
acid molecules, such as target RNAs or a portion flierpof. In one embodiment, flie first 
target nucleic acid sequence and flie second target nucleic acid sequence are present in flje 
25 same target nucleic acid molecule. In anoflier embodiment, the first target nucleic acid 
sequence and ttie second target nucleic acid sequence ate present in different target nucleic 
acid molecules. lnoneembodiment,Zcomprisesapalindromeor a repeat sequence. In one 
embodiment, ttie lengttis of oligonucleotides X. and X' are idtentical. In anoflier 
embodunent, flie lengflis of oligonucleotides X and X' are not identical. In one 
30 embodfanent. flie lengttis of oligonucleotides Y and Y' are identical. In anoflier 
embodiment, flie lengflis of oUgonucleotides Y and Y' are not identical. In one 
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. embodiment, the double stranded oligonucleotide construct of Formula 1(a) includes one or 
more, specifically 1, 2, 3 or 4, mismatches, to the extent such mismatches do not 
significantly diminish the ability of the double stranded oUgonudeotide to inhibit target 
gene expression. 

5 In one embodiment, a multifunctional siNA molecule of the invention comprises a 

structure having Formula MF-III: 

X X' 
Y'-W-Y 

whereineachX,X».Y.andY' is independently anoligonucleotideoflengliibetween about 
15 nucleotides and about 50 nucleotides, preferably between about 18 and about 40 
10 nucleotides, or about 19 and about 23 micleotides; X comprises nucleotide sequence that is 
complementary to nucleotide sequence present in region Y'; X' comprises nucleotide 
sequence that is complementary to nucleotide sequence present in region Y; each X and X' 
is independently of length sufficient to stably interact (i.e., base pair) with a first and a 
second target nucleic acid sequence, respectively, or a portion thereof; W represents a 
15 nucleotide or non-nucleotide linker that connects sequences Y* and Y; and the 
multifunctional siNA directs cleavage of the first and second target sequence via RNA 
interference. In one embodunent. region W connects the 3'-end of sequence Y' with the 
3'.end of sequence Y. In one embodiment, region W connects the 3'-end of sequence Y' 
Wiii the 5'-end of sequence Y. In one embodiment, region W connects the 5*-end of 
20 sequence Y' with the 5'-end of sequence Y. In one embodiment, region W connects the 
S'-end of sequence Y' with the 3'-end of sequence Y. In one embodiment, a terminal 
phosphate group is present at the 5'-end of sequence X. In one embodiment, a terminal 
phosphate group is present at the S'-end of sequence X'. In one embodiment, a terminal 
phosphate group is present at the 5'-end of sequence Y. In one embodiment, a terminal 
25 phosphate group is present at the 5'-end of sequence Y'. In one embodiment, W connects 
sequences Y and Y' via a biodegradable Ihiker. In one embodiment, W fiirther comprises a 
conjugate, lable, aptamer. ligand, lipid, or polymer. 

In one embodiment, a multifunctional siNA molecule of the invention comprises a 
structure having Formula MF-IV: 
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X X' 
Y'-W-Y 

wherein each X,X%Y, and Y' is independently an oligonucleotide of length between about 
15 nucleotides and about 50 nucleotides, preferably between about 18 and about 40 
nucleotides, or about 19 and about 23 nucleotides; X comprises nucleotide sequence that is 
5 complementary to nucleotide sequence present in region Y'; X' comprises nucleotide 
sequence that is complementary to nucleotide sequence present in re^on Y; each Y and Y' 
is independently of length sufficient to stably interact (i.e., base pair) with a first and a 
second target nucleic acid sequence, respectively, or a portion thereof; W represents a 
nucleotide or non-nucleotide Unker that connects sequences Y' and Y; and the 
10 multifunctional siNA directs cleavage of the first and second target sequence via RNA 
interference. In one embodiment, region W connects the 3'-end of sequence Y' with the 
3*-end of sequence Y. In one embodiment, region W connects the 3 '-end of sequence Y' 
witii the 5'-end of sequence Y. In one embodiment, region W connects the 5'-end of 
sequence Y' with the 5'-end of sequence Y. In one embodiment, region W connects the 
15 5'-end of sequence Y' with the 3'-end of sequence Y. In one embodiment, a terminal 
phosphate group is present at the 5'-end of sequence X. In one embodiment, a terminal 
phosphate group is present at ihe S'-end of sequence X'. In one embodiment, a terminal 
phosphate group is present at the 5'-end of sequence Y. In one embodiment, a terminal 
phosphate group is present at the 5»-end of sequence Y'. In one embodiment. W connects 
20 sbqubncesYandY'viaabiodegradableKnker. Inoneembotoient,Wfiirihercoriiprisesa 
conjugate, lable, aptamer, ligand, lipid, or polymer. 

In one embodiinent, a midtifunctional siNA molecule of the invention comprises a 
structure having Formula MF-V: 

X X' 
Y'-W-Y 

25 wherein each X, X», Y, and Y' is independently an oligonucleotide of length between about 
15 nucleotides and about 50 nucleotides, preferably between about 18 and about 40 
nucleotides, or about 19 and about 23 nucleotides; X comprises nucleotide sequence that is 
complementary to nucleotide sequence present in region Y'; X' comprises nucleotide 
sequence tfiat is complementary to nucleotide sequence present in region Y; each X, X', Y, 
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or Y' is independently of length sufficient to stably interact (i.e-. base pair) with a first, 
second, third, or fourth target nucleic acid sequence, respectively, or a portion thereof; W 
represents a nucleotide or non-nucleotide linker that connects sequences Y' and Y; and the 
multifonctional siNA directs cleavage of tiie fest. second, third, and/or fourth target 
5 sequence via RNA interference. In one embodiment, region W connects ihe 3'-end of 
sequence Y' with the 3'-end of sequence Y. In one embodiment, regjon W connects the 
3'.end of sequence Y' with the 5'-end of sequence Y. In one embodiment, region W 
connects the 5'-end of sequence Y» wifli the 5'-end of sequence Y. In one embodiment, 
region W connects the 5'-end of sequence Y' with the 3*-end of sequence Y. In one 
10 embodiment, a terminal phosphate group is present at the 5'-end of sequence X. In one 
embodiment, a terminal phosphate group is present at the 5'-end of sequence X\ In one 
embodiment, a terminal phosphate group is present at the 5'-end of sequence Y. In one 
embodiment, a terminal phosphate group is present at the 5'-end of sequence Y*. In one 
embodiment. W connects sequences Y and Y' via a biodegmdable linker. In one 
15 embodiment, W forther comprises a conjugate, lable. aptamer. Ugand. lipid, or polymer. 

In one embodiment, regions X and Y of multifunctional siNA molecule of the 
invention (e.g.. having any of Formula MF-I - MF-V), are complementary to different 
target nucleic acid sequences that are portions of the same target nucleic acid molecule. In 
one embodiment, such target nucleic acid sequences are at different locations withm the 
20 coding region of a RNA transcript. In one embodiment, such target nucleic acid sequences 
compristicodingandnon-codingregionsof the same KNAtranscript In one embodimeirt, 
such target nucleic acid sequences comprise regions of alternately spHced transcripts or 
precursors of such alternately spliced transcripts. 

hi one embodiment, a multifunctional siNA molecule having any of Formula MF-I - 
25 MF-V can comprise chemical modifications as described herein without limitation, such as, 
for example, nucleotides having any of Formulae I-W described herein, stabilization 
chemistries as described in Table IV, or any other combination of modified nucleotides 
and non-nucleotides as described m tihe various embodiments herem. 

In one embodiment, Ae palidrome or repeat sequence or modified nucleotide (e.g., 
30 nucleotide with a modified base, such as 2-amino purine or a universal base) in Z of 
multifunctional siNA constructs having Formula MF-I or MF-H comprises chemically 
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modified nucleotides that are able to interact with a portion of the target nucleic acid 
sequence (e.g.. modified base analogs that can form Watson Crick base pairs or 
non-Watson Crick base pairs). 

In one embodiment, a multifunctional siNA molecule of the invention, for example 
5 each strand of a multifimctional siNA having MF-I - MF-V. independently comprises 
about 15 to about40 nucleotides (e.g., about 15. 16. 17. 18, 19. 20. 21. 22. 23. 24, 25. 26, 27, 
28, 29, 30, 31. 32, 33, 34, 35, 36, 37. 38, 39, or 40 nucleotides). In one embodiment, a 
m^tiftactional siNA molecule of the invention comprises one or mote chemical 
modifications. In a non-limiting example, the mtroduction of chemicaBy modified 
10 nucleotides and/or non-nncleotides into nucleic acid molecules of the invention provides a 
powerfiil tool in overcoming potential limitations of in vivo stability and bioavailabflity 
inherent to unmodified RNA molecules that are delivered exogenously. For example, the 
use of chemically modified nucleic acid molecules can enable a lower dose of a particular 
nucleic acid molecule for a given therapeutic effect since chemically modified nucleic acid 
15 molecules tend to have a longer half-life in serum or in cells or tissues. Furthermore, 
certain chemical modifications can improve the bioavailability and/or potency of nucleic 
acid molecules by not only enhancing half-life but also facilitating the targeting of nucleic 
acid molecules to particular organs, cells or tissues and/or improving cellular uptake of the 
nucleic acid molecules. Therefore, even if the activity of a chemically modified nucleic 
20 acidmolecule is reduced ?« vitro as compared to a native/unmodified nucleic acid molecule. 
' • V fOT example when compared to an unmodified RNA molecule, the overall activity of the 
modified nucleic acid molecide can be greater than the native or unmodified nucleic acid 
molecule due to improved stability, potency, duration of effect, bioavaflability and/or 
delivery of the molecul^. 

25 In another embodiment, the invention features multifimctional siNAs. wherein the 

multifimctional siNAs are assembled fiom two separate double-stranded siNAs, with one 
of the ends of each sense strand is teAered to the end of the sense strand of the other siNA 
molecule, such that the two antisense siNA strands are annealed to their corresponding 
sense strand that are tethered to each other at one end (see Figure 112). The tethers or 
30 linkers can be nucleotide-based linkers or non-nucleotide based linkers as generaUy known 
in the art and as described herein. 
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In one embodiment, the invention feataies a muM&nctional siNA. wheiein flie 
multifimctional siNA is assembled from two separate doublc-sHanded siNAs, with the 
5'.end of one sense strand of the siNA is telhenjd to the 5'- end of the sense strand of the 
other SiNA molecule, such that the 5'^ds of the two antisense siNA stomds. atmealed to 
5 their corresponding sense stnmd fl.at are tethered to each other at one end. point away (m 
theoppositedirection)ftomeachother (see Figure 112 (A)). The tethers or linkers can be 
nucleotide-based linkers or non^deotide based linkers as generaUy known m the art and 
as described herein. 

In one embodiment, flie invention features a multifunctional siNA. wherein the 
10 multifunctional siNA is assembled from two separate double-stranded siNAs. with the 
3'^ of one sense strand of the siNA is tethered tb the 3'- end of the sen^ stmnd of the 
other SiNA molecule, such that the S'-ends of the two antisense siNA strands, amiealed to 
their corresponding sense stond that are tethered to each other at one end. fece each other 
(see Figure 112 (B)). The tethers or linkers can be nucleotide-based linkers or 
1 5 non-nucleotide based linkers as generally known in the art and as described herein. 

In one embodiment, the invention features a multifimctional siNA. wherein the 
multifimctional dNA is assembled from two separate double-stranded siNAs. with the 
5 '^d of one sense strand of the siNA is te Aered to the 3 end of the sense strand of the 
other siNAmolecule.suchthatthe5'-endof the oneoffl« antisense siNAstrandsam^al 
20 to their corresponding sense strindfliat are tefliered to each oAer at one end. feces 

3-.endofthe other antisense strand (see Figmre 112 (C-D)). Tlietefliers or linkers can be 
nncleotide-based liriiers or non-nucleotide based linkers as generally known in the art and 
as described herein. 

In one embodiment, the invention features a multifunctional siNA, wherein the 
25 multifunctional sfl^A is assembled from two separate double-stranded siNAs. with the 
5'-end of one antisense strand of the siNA is te&ered to the 3'- end of the antisense strand 
of the other siNA molecule, such *at Ae S'-end of &e one of the sense siNA strands 
amiealed to their corresponding antisense sense strand that are te&eied to each other at one 
end. faces theS'-endoftheothersense strand (see Figure 112 (G-H)). Inoneembodmient. 
30 the linkage between flie 5'-end of the first antisense strand and the 3--end of the second 
antisense strand is designed in such a way as to be readfly cleavable (e.g., biodegradable 
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linker) such that the 5'end of each antisense strand of the multifimctional siNA has a ftee 
5'-end suitable to mediate RNA interefence-based cleavage of the target RNA. The tefliers 
or linkers can be nucleotide-based Unkers or non-nudeotide based linkers as generally 
known in the art and as described herein. 

5 In one embodiment, flie invention features a multifunctional siNA, wherein the 

multifunctional siNA is assembled ftom two separate double-stranded siNAs, with the 
5'^ of one antisense strand of tiie siNA is tethered to the 5'- end of the antisense strand 
of the other siNA molecule, such that ti« 3'-end of the one of the sense siNA strands 
annealed Id their corresponding antisense sense strand tiiat are tethered to each otiier at one 

10 end.fiicesthe3'-endof«»eothersensestrand (see Figure 112 (E)). In one embodiment, 
tiie linkage between the 5'-end of the first antisense strand and tiie 5'-end of flie second 
antisense strand is designed in such a way as to be readily cleavable (e.g., biodegradable 
linker) such that tiie 5'end of each antisense strand of the multifunctional siNA has a free 
5»^nd suitable to mediate RNA interefence-based cleavage of the target RNA. The tethers 

15 or linkers can be nucleotide-based linkers or non-nucleotide based linkers as generally 
known in the art and as described herein. 

In one embodiment, the mvention features a multifunctional siNA. wherein tiie 
multifunctional siNA is assembled ftom two separate double-stranded siNAs, wifli tiie 
S'-end of one antisense strand of tiie siNA is tefliered to tiie 3'- end of tiie antisense strand 
.. 20 of fl« otiier snNA molecule, such fliat tiie 5'-enddf tiie one of tfie sense SiNA sti^and8 
. annealed 1» tiieir corresponding antisense sense strand tiiat are tethered to each otiier at one 
end. feces tiie 3'-end of tiie otiier sense strand (see Figure 112 (F))- ^ one embodiment, 
tiie linkage between tiie S'-end of tiie first antisense strand and tiie 5'-end of tiie second 
antisense strand is deagned in such a way as to be readily cleavable (e.g., biodegradable 
25 linker) such tfiat tiie 5'end of each antisense strand of tiie multifunctional siNA has a ftee 
5*-end suitable to mediate RNA interefence-based cleavage of tiie target RNA. The tetiiers 
or linkers can be nucleotide-based linkers or non-nucleotide based linkers as generally 
known in tiie art and as described hereiiL 

There are several potential advantages and vwiations to tins multifunctional 
30 approach. For example, when used in combination witii target sites having homology, 
SiNAs tiiat target a sequence present in two genes (e.g. Flt-1 site 3646. which targets 
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VEGF-Rl and R2), the design can be used to taiget moie than two sites. A single 
muWfimctional siNA can be for example, used to target VEGE Rl RNA and VEGF R2 
RNA (using one antisense strand of the multifiinctional siNA targeting of conserved 
sequence between to the two RNAs)and VEGF KNA(u8ing the second antisense strand of 

5 ihe multifiinctional SiNA targeting VEGF RNA. This approach allows targeting of the 
cytokines and the two main receptors using a single multifimctional siNA. 

Synthesis of Nucleic acid Molecules 

Syndesis of nucleic acids greater flian 100 nucleotides in length is difficult using 
automated methods, and the therapeutic cost of such molecules is prohibitive. In this 
invention, small nucleic acid motife ("small" refers to nucleic acid motifs no more than 1 00 
nucleotides in length, preferably no more than 80 nucleotides m length, and most 
prefembly no more &an 50 nucleotides m length; e.g., individual siNA oligonucleotide 
sequences or siNA sequences synthesized in tandem) are preferably used for exogenous 
deUvery. The smiple structure of these molecules increases the ability of the nucleic acid to 
15 invade targeted regions of protein and/or RNA structure. Exemplary molecules of the 
instant mvention are chemically synthesized, and others can similarly be synthesized. 

Oligonucleotides ie.g., certain modified oligonucleotides or portions of 
oligonucleotides lacking ribonucleotides) are syn&esized using protocols known in the art, 
for example as described in Carulhers et al, 1992, Methods in Enzymology 211, 3-19. 
20 . . Thompson et al., Intermitional PCT Publication No. WO 99/54459. Wincott et al, 1995, 
Nucleic Adds Res. 23. 2677-2684. Wincott et al. 1997. Methods Mol. Bio., 74. 59. 
Brennane/ai, 199S,BiotechnolBioeng.. 61. 33-45. andBrennan,U.S. Pat. No. 6.001311. 
All of these references are incorporated herem by reference. The synthesis of 
oligonucleotides makes use of common nucleic acid protecting and coupling groups, such 
25 as dimethoxytrityl at the 5'-end. and phosphoramidites at the 3'-end. In a non-limiting 
example, small scale syntheses are conducted on a 394 Applied Biosystems, Inc. 
syndiesizer usmg a 0.2 ,imol scale protocol with a 2.5 min coupling step for 
2'-0-methyteted nucleotides and a 45 second coupling step for 2'-deoxy nucleotides or 
2'-deoxy-2'-fluoro nucleotides. Table V outlines the amounts and the contact times of the 
30 reagents used m the synthesis cycle. Alternatively, syntheses at the 0.2 ^mol scale can be 
performed on a 96-well plate synAesizer. such as the instrument produced by Protogene 
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(Palo Alto, CA) with minimal modification to the cycle. A 33-fold excess (60 jiL of 0.11 M 
= 6.6 ^mol) of 2*-0-methyl phosphoramidite and a 105-fold excess of S-ethyl tetrazole (60 
jiL of 0.25 M = 15 ^mol) can be used in each coupling cycle of 2 -O-methyl residues 
relative to polymer-bound 5 -hydroxyl. A 22-fold excess (40 jiL of 0.1 1 M = 4.4 pmol) of 

5 deoxy phosphoramidite and a 70-fold excess of S-ethyl tetrazole (40 ^iL of 0.25 M = 10 
^mol) can be used in each coupling cycle of deoxy residues relative to polymer-boimd 
5'-hydroxyl. Average coupling yields on the 394 Applied Biosystems, Inc. synthesizer, 
determined by colorimetric quantitation of the trityl fiactions» are typically 97,5-99%. 
Other oligonucleotide synthesis reagents for the 394 Applied Biosystems, Inc. synthesizer 

10 mclude the following: detritylation solution is 3% TCA in metfiylene chloride (ABI); 
capping is performed with 16% //-methyl imidazole in THF (ABI) and 10% acetic 
anhydride/10% 2,6-lutidine in THF (ABI); and oTcidation solution is 16.9 mM I2, 49 mM 
pyridine, 9% water in THF (PERSEPTIVE™). Burdick & Jackson Synthesis Gmde 
acetonitrile is used directly from the reagent bottle. S-Ethyltetrazole solution (0.25 M in 

1 5 acetonitrile) is made up from the solid obtained from American International Chemical, Inc. 
Alternately, for the introduction of phosphorothioate linkages, Beaucage reagent 
(3H-l,2-Benzodifhiol-3-one 1,1-dioxide, 0.05 M in acetonitrile) is used. 

Deprotection of the DNA-based oligonucleotides is performed as follows: Ae 
polymer-boimd trityl-on oligoribonucleotide is transferred to a 4 mL glass screw top vial 
20 . and suspended in a solution of 40% aqueous methylamine (1 mL) at 65 for 10 minutes; 
After cooling to -20 the supernatant is removed from the polymer support. The support 
is washed three times with 1.0 mL of EtOH:MeC:N:H20/3:l:l, vortexed and the 
supernatant is then added to the first supernatant. The combined sup^cnatants, containing 
the oligoribonucleotide, are dried to a white powder. 

25 The method of synthesis used for RKA including certain siNA molecules of the 

invention follows the procedure as described in Usman et aL, 1 987, J. Am, Chem. Soc,^ 109, 
7845; Scaringee/a/., 1990^ Nucleic Acids Res., 18, 5433; and Wincott ci., 1995, Nucleic 
Acids Res. 23, 2677-2684 Wincott et al, 1997, Methods Mol Bio.» 74, 59, and makes use 
of common nucleic acid protecting and coupling groups, such as dimethoxytrityl at the 

30 5*-end, and phosphoramidites at the 3'-end. In a non-limiting example, small scale 
syntheses are conducted on a 394 Applied Biosystems, Inc. synthesizer using a 0.2 ^mol 
scale protocol with a 7.5 min coupling step for alkylsilyl protected nucleotides and a 2.5 
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min coupling step for 2*-0-inefliylated nucleotides. Table V outlines flie amounts and the 
contact times of the reagents used in titie synthesis <^cle. Alternatively, syntheses at the 0.2 
fimol scale can be done on a 96-well plate synthesizer, such as the instrument produced by 
Protogene (Palo Alto, CA) with minimal modification to the cycle. A 33-fold excess (60 

5 jiL of 0.1 1 M = 6.6 ^mol) of 2'-0-methyl phosphoramidite and a 75-fold excess of S-ethyl 
tetrazole (60 jiL of 0.25 M = 15 ^mol) can be used in each coupling cycle of 2'-0-methyl 
residues relative to polymer-bound 5 -hydroxyl. A 66-fold excess (120 jiL of 0.11 M = 
13.2 ^mol) of alkylsilyl (ribo) protected phosphoramidite and a 150-fold excess of S-ethyl 
tetrazole (120 ^iL of 0.25 M = 30 ^imol) can be used in each coupling cycle of ribo residues 

10 relative to polymer-bound 5'-hydroxyl. Average coupling yields on the 394 Applied 
Biosystems, Inc. synthesizer, determined by colorimetric quantitation of the trityl firactions, 
are typically 97.5-99%. Other oligonucleotide synthesis reagents for the 394 Applied 
Biosystems, Inc. synthesizer include the following: detritylation solution is 3% TCA in 
metfiylene chloride (ABI); capping is perfomed with 16% iST-methyl imidazole in THF 

15 (ABI)and 10% acetic anhydride/ 10%2,6-lutidine in THF (ABI); oxidation solution is 16.9 
mM l2, 49 mM pyridine, 9% water in THF (PERSEPTIVEtm). Burdick & Jackson 
Synthesis Grade acetonitrile is used directly from the reagent bottle. S-Ethyltetrazole 
solution (0.25 M in acetonitrile) is made up fipom the solid obtained from American 
International Chemical, Inc. Alternately, for the introduction of phosphorothioate linkages, 

20 Beaucage reagent (3H-l,2-Benzodithiol-3-one l,l-dioxide0.05 M in acetonitrile) is used. 

Deprotection of the RNA is performed usmg either a two-pot or one-pot protocol. 
For the two-pot protocol, the polymer-bound trityl-on oligoribonucleotide is transfeired to 
a 4 mL glass screw top vial and suspended in a solution of 40% aq. mettiylamine (1 mL) at 
65 for 10 minutes. After cooling to -20 **C, the supernatant is removed from the 

25 polymer support The support is washed three times with 1.0 mL of 
EtOH:MeCN:H20/3: 1:1, vortexed and the supernatant is then added to the first supernatant 
The combined supematants, containing the oligoribonucleotide, are dried to a white 
powder. The base deprotected oligoribonucleotide is resuspended in anhydrous 
TEA/HF/NMP solution (300 of a solution of 1.5 mL N-meliiylpyrrolidinone, 750 jiL 

30 TEA and 1 mL TEA»3HF to provide a 1.4 M HF concentration) and heated to 65 ""C. After 
1 .5 h, the oligomer is quenched with 1 .5 M NH4HCO3. 
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Alternatively, for Ae one-pot protocol, the polymer-bound trityl-on 
oligoribonucleotide is transferred to a 4 mL glass screw top vial and suspended in a solution 
of 33% ethanolic methylamine/DMSO: 1/1 (0.8 mL) at 65 "C for 1 5 minutes. The vial is 
brought to room temperature TEA»3HF (0.1 mL) is added and the vial is heated at 65 «C for 
5 1 5 minutes. The sample is cooled at -20 and flien quenched witii 1 .5 M NH4HCO3. 

For purification of Ae trityl-on oligomers, flie quenched NHJHCOs solution is loaded 
onto a C-1 8 containing cartridge that had been prewashed with acetonitrile foUowod by 50 
mM TEAA. After washing the loaded cartridge wift water, flie RNA is detritylated wifli . 
0.5% TFA for 13 minutes. The cartridge is thai washed again with water, sah exchan^ 
10 wiA 1 M NaQ and washed with water again. The oligonucleotide is then eluted with 30% 
acetonitrile. 

The average stepwise coupling yields are typically >98% (Wincott et al. 1995 
Nucleic Acids Res. 23,2677-2684). Those of ordinary skill in the art will recognize that 
the scale of ^thesis can be adapted to be larger or smaller flian the example described 
15 above including but not limited to 96-well format 

Alternatively, the nucleic acid molecules of the present invention can be synfliesized 
separately and joined t«^ther post-synthetically, for example, by ligation ^oore et al. 
1992, Science 256, 9923; Draper et dl.. International PCT publication No. WO 93/23569; 
^. Shaba«>va et al, 1991, Ihtcleic Acids Research 19, 4247; BeDon et al., 1997, Nucleosides 
20 & Nucleotides^ 16, 951; Beflon et al., 1997, Biocorgugate Chem. 8, 204), or by 
hybridization following synthesis and/or deprotection. 

The siNA molecules of the invention can also be synthesized via a tandem syndesis 
methodology as described in Example 1 herein, wherein both siNA strands are syntiiesized 
as a single contiguous oligonucleotide fragment or strand separated by a cleavable linker 
25 which is subsequentiy cleaved to provide separate siNA fragments or strands that hybridize 
and permit purification of tiie siNA duplex. The linker can be a polynucleotide linker or a 
non-nudeotide linker. The tandem synthesis of mNA as described herem can be leadity 
adapted to both muWweH/multiplate syntiiesis platforms such as 96 well or similarly larger 
multi-well platforms. The tandem synthesis of siNA as described herein can also be readily 
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adapted to large scale synthesis platfonns employing batch reactors, synthesis columns and 
the like. 

A siNA molecule can also be assembled from two distinct nucleic acid strands or 
fragments wherein one fragment includes the sense region and the second fragment 
includes the antisense region of the RNA molecule. 

The nucleic acid molecules of the present invention can be modified extensively to 
enhance stability by modification with nuclease resistant groups, for example, 2'-amino, 
2'-C-allyl, 2'-fluoro, 2'-0-methyl, 2*-H (for a review see Usman and Cedergren, 1992, UBS 
17, 34; Usman et al, 1994, Nucleic Acids Symp. Ser. 31, 163). siNA constructs can be 
purified by gel electrophoresis using general methods or can be purified by high pressure 
liquid chromatography (HPLC; see Wmcott et aL supra, the totality of which is hereby 
incorporated herein by reference) and re-suspended in water. 

In another aspect of the invention, siNA molecules of ttie invention are expressed 
from transcription units inserted into DNA or RNA vectors. The recombinant vectors can 
be DNA plasmids or viral vectors. siNA expressing viral vectors can be constructed based 
on, but not limited to, adeno-associated vims, retroviras, adenovirus, or alphavirus. The 
recombinant vectors capable of expressing the siNA molecules can be delivered as 
described herein, and persist in target cells. Alternatively, viral vectors can be used that 
provide for transient expression of siNA molecules. 

nptitnigmp Activitv of the nucleic acid mole cule of flie invention. 

Chemically synthesizing nucleic acid molecules with modifications (base, sugar 
and/or phosphate) can prevent their degradation by serum ribonucleases, which can 
increase their potency (see e.g., Eckstein et al. International Publication No. WO 
92/07065; Perrault et al, 1990 Nature 344, 565; Pieken et al, 1991, Science 253, 314; 

25 Usman and Cedergren, 1992, Trends in Biochem. ScL 17, 334; Usman et al. International 
Publication No. WO 93/15187; and Rossi et al. International Publication No. WO 
91/03162; Sproat, U.S. Pat No. 5,334,711; Gold et al. U.S. Pat No. 6,300,074; andBurgm 
et al., supra; all of which are incoiporated by reference herein). All of the aboveTreferenoes 
describe various chemical modifications that can be made to the base, phosphate and/or 

30 sugar moieties of the nucleic acid molecules described herein. Modifications that enhance 
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their efficacy in cells, and removal of bases from nucleic acid molecules to shorten 
oligonucleotide synthesis times and reduce chemical requirements are desired. 

There are several examples in the art describing sugar, base and phosphate 
modifications that can be introduced into nucleic acid molecules witii significant 
5 enhancement in their nuclease stability and efficacy. For example, oligonucleotides are 
modified to eidiance stability and/or enhance biological activity by modification with 
nuclease resistant groups, for example, 2'-amino, 2'-C-allyl, 2'-fluoro, 2'-0-methyl, 
2*-0-allyl, 2'-H, nucleotide base modifications (for a review see Usman and Cedergren, 
1992, TEBS. 17, 34; Usman et al, 1994, Nucleic Acids Symp. Ser. 31, 163; Burgin et aL, 
10 1 996, Biochemistry^ 35, 14090). Sugar modification of nucleic acid molecules have been 
extensively described in the art (see Eckstein et al. International Publication PCX No. 
WO 92/07065; Perraultc/ a/. iVa/ure, 1990, 5^^, 565-568; Piekenc^ a/. Science, 1991,253, 
314-317; Usman and Cedergren, Trends in Biochem, Sci. , 1992, 1 7, 334-339; Usman et al. 
International Publication PCX No. WO 93/15187; Sproat, U.S. Pat. No. 5,334,711 and 
15 Beigehnan et al, 1995, J. Biol Chem., 270, 25702; Beigehnan et al. International PCX 
publication No. WO 97/26270; Beigehnan et al, U.S. Pat. No. 5,716,824; Usman et al, 
U.S. Pat No. 5,627,053; Woolf et al, Intemational PCX Publication No. WO 98/13526; 
Xhompson et al, USSN 60/082,404 which was filed on April 20, 1998; Karpeisky et al, 
1998, Tetrahedron Lett., 39, 1131; Eamshaw and Gait, 1998, Biopolymers (Nucleic Acid 
20 Sciences), 48, 39-55; Verma and Eckstein, 1998, Annu. Rev. Biochem., 67, 99-134; and 
Burlina et al, 1997, Bioorg. Med. Chem., 5, 1999-2010; all of the references are hereby 
mcorporated in their totality by reference herein). Such publications describe general 
methods and strategies to determine the location of incorporation of sugar, base and/or 
phosphate modifications and ttie like into nucleic acid molecules without modulating 
25 catalysis, and are incorporated by reference herein. In view of such teachings, similar 
modifications can be used as described herein to modify the siNA nucleic acid molecules of 
the instant invention so long as the ability of siNA to promote RNAi is cells is not 
significantly inhibited. 

While chemical modification of oligonucleotide intemucleotide linkages with 
30 phosphorothioate, phosphorodi&ioate, and/or 5'-methylphosphonate linkages improves 
stability, excessive modifications can cause some toxicity or decreased activity. Xherefore, 
when designing nucleic acid molecules, the amount of these intemucleotide linkages 
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should be mimmized. The reduction in «ie concentration of these linkages should lower 
toxicity, resulting in increased efficacy and higher specificity of fliese molecules. 

Short interfering nucleic acid (siNA) molecules havmg chemical modifications that 
maintain or enhance activity are provided. Such a nucleic acid is also generally more 

5 resistant to nucleases than an unmodified nucleic acid Accordmgly, the in vitro and/or in 
vivo activity should not be significantly lowered. In cases in which modulation is the goal, 
therapeutic nucleic acid molecules delivered exogenously should optimally be stable 
within cells until translation of ttie target RNA has been modulated long enough to reduce 
the levels of the undesirable protein. This period of time varies between hours to days 

10 depending upon the disease state. Improvements in the chemical syn&esis of RNA and 
DNA (Wincott et al, 1995, Nucleic Acids Res, 23, 2677; Camttiers et al, 1992, Methods in 
Enzymology 211,3-19 (incorporated by reference herein)) have expanded the ability to 
modify nucleic acid molecules by mtroducing nucleotide modifications to enhance their 
nuclease stability, as described above. 

15 In one embodiment, nucleic acid molecules of the invention include one or more (e^., 

about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) G-clamp nucleotides. A G-clamp nucleotide is a 
modified cytosine analog wherein the modifications confer the ability to hydrogen bond 
both Watson-Crick and Hoogsteen faces of a complementary guanine within a duplex, see 
for example Lin and Matteucci, 1998, J. Am. Chem. Soc, 120, 8531-8532. A single 
20 G-clamp analog substitution within an oligonucleotide can result in substantially enhanced 
" ^ helical thermal stability and mismatch discrimination when hybridized to complCTientary 
oligonucleotides. The inclusion of such nucleotides in nucleic acid molecules of the 
invention results in botii enhanced affinity and specificity to nucleic acid targets, 
complementary sequences, or template strands. In another embodiment, nucleic acid 
25 molecules of tilie invention include one or more (e.^., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 
more) LNA "locked nucleic acid" nucleotides such as a 2\ 4'-C methylene bicyclo 
nucleotide (see for example Wengel et al, Inteniational PCT Publication No. WO 
00/66604 and WO 99/14226). 

In another embodiment, the invention features conjugates and/or complexes of siNA 
30 molecules of the invention. Such conjugates and/or complexes can be used to facilitate 
delivery of siNA molecules into a biological system, such as a cell. The conjugates and 
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conqtlexes provided by the instant invention can impart therapeutic activity by transferring 
flierapeutic compounds across cellular membranes, altering the pharmacokinetics, and/or 
modulating the localization of nucleic acid molecules of the invention- The present 
invention encompasses the design and synthesis of novel conjugates and complexes for the 
5 delivery of molecules, including, but not limited to, small molecules, lipids, cholestMol, 
phospholipids, nucleosides, nucleotides, nucleic acids, antibodies, toxins, negatively 
charged polymers and other polymers, for example, proteins, peptides, hormones, 
carbohydrates, polyetiiylene glycols, or polyamines, across cellular membranes. In general, 
tiie transporters described are designed to be used eitiier individually or as part of a 
10 multi-component system, with or without degradable linkers. Hiese compowids are 
expected to improve delivery and/or localization of nucleic acid molecules of the invention 
into a number of cell types originating from different tissues, in tiie presence or al^sence of 
serum (see Sullenger and Cech, U.S. Pat No. 5,854,038). Conjugates of the molecules 
described herein can be attached to biologjcalty active molecules via linkers that are 
1 5 biodegradable, such as biodegradable nucleic acid linker nK>lecules. 

to one embodiment, the invention features a compound having Formula 1 : 




1 



wherein each Ri, R3. R4 .R5, R& R7 and R« is independentiy hydrogen, alkyl . 
20 substituted alkyl, aiyU substituted aryl, or a protecting group, each "n" is independentiy an 
integer from 0 to about 200, R12 is a straight or branched chain alkyl, substituted alkyl, aryl, 
or substituted aryl, and R2 is a siNA molecule or a portion theieo£ 

In one embodiment, the mvention features a compound having Formula 2: 
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wherein each R3, R4 ,R5, R6 and R7 is independently hydrogen, alkyl , substituted 
alkyl, aryl, substituted aryl, or a protecting group, each "n" is independently an integer 
from 0 to about 200, R12 is a straight or branched chain alkyl, substituted allqrl, aryl, or 
substituted aryl, and R2 is a siNA molecule or a portion thereof. 

5 In one embodiment, the invention features a compound having Formula 3: 

3 

wherein each Ri, R3, R4 Jts Re and Rf is independentily hydrogen, alkyl , substituted 
alkyl, aiyl, substituted aryl, or a protecting group, each "n" is independently an integer 
10 from 0 to about 200, R12 is a straigjit or branched chain alkyl, substituted alkyl, aryl, or 
substituted aryl, and R2 is a siNA molecule or a portion thereof,. 

In one embodiment, the invention features a compound having Formula 4: 
R2— O-^Ov 



R ^ 

^ R400C ^ 




R3 COOR« Y 1^ X ^ 



T 

Re "^N^N NHR7 



15 wheiein each R3, R4 Re and R7 is independently hydrogen, allgrl , substituted 

alkyl, aryl, substituted aiyl, or a protecting group, each "n" is independently an integer 
from 0 to about 200, R2 is a siNA molecule or a portion thereof, and R13 is an amino acid 
side, chain. 

In one embodiment, the invention features a compound having Formula 5: 
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^ Rio 



wherein each Ri and R4 is independently a protecting group or hydrogen, each R3, R5, 
R^, R? and Rg is independently hydrogen, alkyl or nitrogen protecting group, each "n** is 
independently an integer from 0 to about 200, R12 is a straight or branched chain alkyU 
substituted alkyl, aiyl, or substituted aryl, and each R9 and Rio is independently a nitrogen 
containing group, cyanoalkoxy, alkoxy, aryloxy, ot all^l group. 

In one embodiment, fhe invention features a compound having Formula 6: 

o 




C00R4 



wherein each R4 ,R5, R^ and R7 is independently hydrogen, alkyl , substituted alkyl, 
aryl, substituted aiyl, or a protecting group, R2 is a siNA molecule or a portion tiiereof, each 
*V* is independently an integer from 0 to about 200, and L is a degradable linker. 

Li one embodiment, the invention features a compound having Formula 7: 

R4OOC ^ 




Re ^N'^N*^ 



NH 

15 «8 ^N'^ ^N^^NHRt 



wherein each Ri, K^, R4 R« and R7 is independently hydrogen, allqrl , substituted 
alkyl, aiyU substituted aiyl, or a protecting group, each "n" is independrafly an integer 
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from 0 to about 200, Riz is a straight or branched cham alkyl, substituted alkyl, atyl, or 
substituted aiyl, and R2 is a siNA molecule or a portion Aereof. 

In one embodiment^ the invention features a compound having Formula 8: 




5 8 

wherein each Ri and R4 is independently a protecting group or hydrogen, each R3, Rs, 
R6 and R7 is independently hydrogen, alkyl or nitrogen protecting group, each * V is 
independently an integer from 0 to about 200, R12 is a straight or branched chain alkyl, 
substituted alkyl, aryl, or substituted aryl, and each R9 and Rio is mdependently a nitrogen 
10 containing group, cyanoalkoxy, alkoxy, aryloxy, or alkyl group. 

In one embodiment, R13 of a compound of the invention comprises an alkylamino or 
an alkoTC/ group, for example, -CH2O- or-CH(CH2)CH20-. 

In another embodiment, R12 of a compound of the invention is an alkylhyrdroxyl, for 
example, -(CH2)nOH, where n comprises an integer from about Ito about 10. 

IS In another embodiment, L of Formula 6 of tfie invention comprises serine, threonine, 

or a photolabile linkage. 

In one embodiment, R9 of a compound of the invention comprises a phosphorus 
protecting group, for example -OCH2CH2CN (oxyefhylcyano). 

In one embodiment, Rio of a compound of die invention comprises a mtrogen 
20 containing group, for example, -N(R|4) wherein Rm is a straight or branched chain alkyl 
having from about 1 to about 10 carbons. 

In another embodiment, Rio of a compound of the invention comprises a 
heterocycloalkyl or heterocycloalkenyl ring containing from about 4 to about 7 atoms, and 
having from about 1 to about 3 heteroatoms comprising oxygen, nitrogen, or sulfrir. 
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In another embodiment, Ri of a compomid of the invention comprises an acid labile 
protecting group, such as a trityl or substituted trityl group, for example, a dimethoxytrityl 
or mono-methoxytrityl group. 

In another embodiment, R4 of a compound of the invention comprises a ter^butyl, 
Fm (fluorenyl-methoxy), or allyl group. 

In one embodiment, R6 of a compoimd of flie invention comprises a TFA 
(trifluoracetyl) group. 

In another embodiment, R3, R5 R? and Rs of a compound of the invention are 
independently hydrogen. 

In one embodiment, R7 of a compound of the invention is independently isobutyryl, 
dimethylformamide, or hydrogen. 

In another embodiment, R12 of a compound of the invention comprises a methyl 
group or ethyl group. 

In one embodiment, the invention features a compound having Formula 27: 



wherein "n" is an integer from about 0 to about 20, R4 is H or a cationic salt, X is a 
siNA molecule or a portion thereof, and R24 is a sulfur containing leaving group, for 
example a group comprising: 




27 



20 




In one embodiment, the invention features a compound having Formula 39: 
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20 



xp- 




39 

wherein "n" is an integer from about 0 to about 20, X is a siNA molecule or a portion 
thereof, and P is a phosphorus containing group. 

In anotiier embodiment, a thiol containing linker of the invention is a conqraund 
having Formula 41 : 



n 



41 

wheiein *V* is an integer from about 0 to about 20, P is a phosphorus containing 
10 group» for example a phosphine, phosphite, or phosphate, and R24 is any alkyl, substituted 
alkyl, alkoxy, aryl, substituted aryl, alkenyl, substituted alkenyl, alkynyl, or substituted 
allcynyl group with or without additional protecting groups. 

In one embodiment, the invention features a compound having Formula 43: 



-w- 



43 



wherein X comprises a siNA molecule or portion thereof; W comprises a 
degradable nucleic acid linker, Y comprises a linker molecule or amino acid that can be 
present or absent; Z comprises H, OH, O-alkyl, SH, S-alkyl, alkyl, substituted alkyl, aryl, 
substituted aryl, amino, substituted amino, nucleotide, nucleoside, nucleic acid, 
oligonucleotide, amino acid, peptide, protein, lipid, phospholipid, or label; n is an integer 
from about 1 to about 100; and N* is an integer from about 1 to about 20. In another 
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' embodiment, W is selected from the group consisting of amide, phosphate, phosphate ester, 
phosphoramidate, or thiophosphate ester linkage. 

In ano&er embodiment, fhe invention features a compound having Formula 44: 

U HN-^O-PEG 

X W NH ^ 

(CH2)„ 

/ 

HW 

V-O-PEG 
O 

5 44 

wherein X comprises a siNA molecule or portion tii«»of; W comprises a linker 
molecule or chemical linkage Ha&t can be present or absent; n is an integer from about 1 to 
about SO, and PEG represents a conq;>ound having Formula 45: 



|-CH2CH20-j-i 



-Z 
n 

10 45 

wherein Z comprises H, OH, O-alkyl, SH, S-aHcyl, allfyl, substituted allqrl, aryl, 
substituted aiyl, amino, substituted amino, nucleotide, nucleoside, nucleic acid, 
oligonucleotide, amino acid, p^tide, protein, lipid, phospholipid, or label; and n is an 
integer firom about 1 to about 100. In another embodiment, W is selected fixnn the group 
15 consisting of amide, phosphate, phosphate ester, phosphoramida t e, or thicq>hoq>hate ester 
linkage. 

In ano&er embodiment, tiie invention features a compound having Formula 46: 

,N — — PEG 




N PEG 
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46 

wherein X comprises a siNA molecule or portion fliereof; each W independently 
comprises linker molecule or chemical Ihdcage that can be present or absent, Y comprises a 
linker molecule or chemical linkage fliat can be present or absent; and PEG represents a 
5 compound having Formula 45: 

I-CH2CH2O-+-Z 

45 

wherein Z comprises H, OH, O-alkyl, SH, S-alkyl, alkyl, substituted alkyl, aryl, 
substituted aiyl, amino, substituted amino, nucleotide, nucleoside, nucleic acid, 
10 oligonucleotide, amino acid, peptide, protein, lipid, phospholipid, or label; and n is an 
integer from about 1 to about 100. In another embodiment, W is selected from the group 
consisting of amide, phosphate, phosphate ester, pho^horamidate, or thiophosphate ester 
linkage. 

In one embodiment, flie invention features a compound having Formula 47: 

X W Y Ri — P R3— W-fQ) 

R2 



15. 



47 



wherein X comprises a siNA molecule or portion thereoif; each W independently 
comprises a linker molecule or chemical Ifaikage ttiat can be the same or difTerent and can 
be present or absent, Y comprises a linker molecule that can be present or absent; each Q 

20 independently comprises a hydrophobic group or phospholipid; each Ri, R2, Rs* and R4 
independently comprises O, OH, H, alkyl, alkylhalo, O-alkyl, O-alkylcyano, S, S-alkyl, 
S-alkylcyano, N or substituted N, and n is an integer from about 1 to about 10. In another 
embodiment, W is selected from the group consisting of amide, phosphate, phosphate ester, 
phosphoramidate, or thiophosphate ester linkage. 

25 In another embodiment, the invention features a compound having Formula 48: 
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R4 

ir 

Ra 



48 



R4 

.Rt-P-R3-W-B 
R2 



94 

-P- 
II 

R2 



R,-P-R3-W-B 



wherein X comprises a siNA molecule or pordon thereof; each W independCT^fly 
comprises a linker molecule or chemical linkage that can be present or absent, Y comprises 
5 a linker molecule that can be present or absent; each Ri, R2, R3, and R4 indepCTidently 
comprises O, OH, H, alkyl, alkylhalo, O-alkyl, O-alkylcyano, S, S-alkyl, S-alkylcyano, N 
or substituted N, and B represents a lipophilic group, for example a saturated or unsaturated 
linear, branched, or cyclic alkyl group, cholesterol, or a derivative thereof. In ano&er 
embodiment, W is selected from the group consisting of amide, phosphate, phosphate ester, 
10 phosphoramidate, or ^ophosphate ester linkage. 

hi another embodiment, the invention features a compound having Formula 49: 

.0 B 




R4 

-W Y-R1-P-R3 B 

R2 



49 



wherein X comprises a siN^ molecule or portion thereof; W comprises a linker 
15 molecule or chemical linkage that can be present or absent, Y comprises a linker molecule 
that can be present or absent; each Ri, R2, R3, and R4 independently comprises O, OH, H, 
alkyl, alkylhalo, O-alkyl, O-alk/lcyano, S, S-alkyl, S-alkylcyano, N or substituted N, and 
B represents a lipophilic group, for example a saturated or unsaturated linear, branched, or 
cyclic alkyl group, cholesterol, or a derivative thereof. In anoflier embodiment, W is 
20 selected from the group consisting of amide, phosphate, phosphate ester, phosphoramidate, 
or thiophosphate ester linkage. 

In another embodiment, the invention features a compound having Formula 50: 
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.N — W — Q 




— W — Q 

50 

wherein X comprises a siNA molecule or portion thereof; W comprises a linker 
molecule or chemical linkage that can be present or absent^ Y comprises a linker molecule 
5 or chemical linkage that can be present or absent and each Q independently comprises a 
hydrophobic group or phospholipid. In another embodiment, W is selected from ttie group 
consisting of amide, phosphate, phosphate ester, phosphoiamidate, or thiophosphate ester 
linkage. 

In one embodiment, the invention features a conqpound having Formula 51 : 

X — ■^'^^ — ®® 

10 Z a 

51 

wherein X comprises a siNA molecule or portion thereof; W comprises a linker 
molecule or chemical linkage that can be present or absent; Y comprises a linker molecule 
or amino acid that can be present or absent; Z comprises H, OH, Oalkyl, SH, S-alkyl, alkyl, 

15 substituted alkyl, aryl, substituted axyl, amino, substituted amino, nucleotide, nucleoside, 
nucleic acid, oligonucleotide, amino acid, peptide, protein, lipid, phospholipid, or label; SG 
comprises a sugar, for example galactose, galactosamine, N-acetyl-galactosamine, glucose, 
mannose, fructose, or fricose and the respective D or L, alpha or beta isomers, and n is an 
integer from about 1 to about 20. In another embodiment, W is selected from the group 

20 consisting of amide, phosphate, phosphate ester, phosphoramidate, or thiophosphate ester 
linkage. 

In another embodiment, the invention features a compound having Formula 52: 
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52 

wheiein X comprises a siNA molecule or portion fheieof; Y comprises a linker 
molecule or chemical linkage that can be present or absent; each Ri, R2, Ra, R4, and Rs 
independently comprises O, OH, H, alkyl, alkylhalo, O-alkyl, O-alkylcyano, S, S-alkyl, 
S-alkylcyano, N or substituted N; Z comprises H, OH, O-alkyl, SH, S-alkyl, allgrl, 
substituted alkyl, aryl, substituted aryl, amino, substituted amino, nucleotide, nucleoside, 
nucleic acid, oligonucleotide, amino acid, peptide, protein, lipid, phospholipid, or label; SG 
comprises a sugar, for example galactose, galactosamine, N-acetyl-galactosamine, glucose, 
mannose, fiiictose, or fucose and the respective D or L, alpha or beta isomers, n is an 
integer from about 1 to about 20; and N' is an integer from about 1 to about 20. In another 
embodiment, X comprises a siNA molecule or a portion thereof. In another embodiment, 
Y is selected from the group consisting of amide, phosphate, phosphate ester, 
phosphoramidate, or thiophosphate ester linkage. 

In another embodiment, tibie invention features a compound having Formula 53: 




53 

wherein B comprises H, a nucleoside base, or a non-nucleosidic base with or 
without protecting groups; each Ri independently comprises O, N, S, alkyl, or substituted 
N; each R2 independently comprises O, OH, H, alkyl, alkylhalo, O-alkyl, O-alkylhalo, S, N, 
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substituted N, or a phosphorus containing group; each R3 independently comprises N or 
O-N, each R4 independently comprises O, CH2, S, sulfone, or sulfoxy; X comprises H, a 
removable protecting group, a siNA molecule or a portion thereof; W comprises a linker 
molecule or chemical linkage that can be present or absent; SG comprises a sugar, for 
5 example galactose, galactosamine, N-acetyl-galactosamine, glucose, mannose, fructose, or 
fiicose and the respective D or L, alpha or beta isomers,, each n is independently an integer 
from about 1 to about 50; and N* is an integer from about 1 to about 10. In another 
embodiment, W is selected from the group consisting of amide, phosphate, phosphate ester, 
phosphoramidate, or thiophosphate ester linkage. 

10 In another embodiment, the invention features a compound having Formula 54: 



X— W 




54 

wherein B comprises H, a nucleoside base, or a non-nucleosidic base with or 
without protecting gcoiq>s; each Ri independently comprises O, OH, H, alkyl, alkylhalo, 

1 S O-alkyl, O-alkylhalo, S, N, substitated N, or a phosphorus containing group; X conqprises - 
H, a removable protecting group, a stNA molecule or a portion flieieof; W comprises a 
linker molecule or chemical linkage that can be present or absent and SG comprises a 
sugar, for example galactose, galactosainine, N-acetyl-galactosamine, glucose, mannose, 
fructose, or fiicose and the respective D or L, alpha or beta isomers. In another 

20 embodiment, W is selected from the group consisting of amide, phosphate, phosphate ester, 
phosphoramidate, or thiophosphate ester linkage. 

In one embodifaent, the invention features a compound having Formula 55: 
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55 

wherein each Ri independently comprises O, N, S, alkyl, or substituted N; each R2 
- independently comprises O, OH, H, alkyl, alkylhalo, O-alkyl, O-alkylhalo, S, N, 

5 substituted N, or a phosphorus containing group; each R3 independently comprises H, OH, 
alkyl, substituted alkyl, or halo; X comprises H, a removable protecting group, a siNA 
molecule or a portion thereof; W comprises a linker molecule or chemical linkage that can 
be present or absent; SG comprises a sugar, for example galactose, galactosamine, 
N-acetyl-galactosamine» glucose, mamiose, fiiictose, or fucose and the respective D or L, 

10 alpha or beta isomers, each n is independently an integer from about 1 to about 50; and N* 
is an integer from about 1 to about 100. In another embodiment, W is selected from the 
group consisting of amide, phosphate, phosphate ester, phosphoramidate, or thiophosphate 
ester linkage. 

In another embodiment, the mvention features a confound hayinjg Formula 56: 
X— W— 

(CH2)„ 

(CH2)n b V 

15 

56 

wherein Ri comprises H, allsyl, alkylhalo, N, substituted N, or a phosphorus 
containing group; R2 comprises H, O, OH, alkyl, alkylhalo, halo, S, N, substituted N, or a 
phosphorus containing group; X comprises H, a removable protecting group, a siNA 
20 molecule or a portion thexeof; W comprises a linker molecule or chemical linkage that can 
be present or absent; SG comprises a sugar, for example galactose, galactosamine, 
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N-acetyl-galactosamine, glucose, mannose, fructose, or fiicose and the respective D or L, 
alpha or beta isomers, and each n is independently an integer from about 0 to about 20. In 
another embodiment, W is selected from the group consisting of amide, phosphate, 
phosphate ester, phosphoramidate, or fliiophosphate ester linkage. 

5 In another embodiment, the invention features a compound having Formula 57: 



O 
I 

57 

wherein Ri can include the groups; 
I — CH3 CH3O— I N=C 





10 ^ ' " - ' - : and wherein R2 can include the groups: 

and wherein Tr is a removable protecting group, for example a trityl, 
monomethoxytrityl, or dimethoxytrityl; SG comprises a sugar, for example galactose, 
galactosamine, N-acetyl-galactosamine, glucose, manhose, fructose, or fricose and the 
1 5 respective D or L, alpha or beta isomers, and n is an integer from about 1 to about 20* 

In one embodiment, compounds having Formula 52, 53, 54, 55, 56, and 57 are 
featured wherein each nitrogen adjacent to a carbonyl can independently be substituted for 
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a caibonyl adjacent to a nitrogen or each carbonyl adjacent to a nitrogen can be substituted 
for a nitiogm adjacent to a carbonyl. 

Jn another embodiment, the invention features a compound having Formula 58: 



-w- 



S8 



wheiein X comprises a siNA molecule or portion thereof; W comprises a linker 
molecule or chemical linkage fliat can be present or absent; Y comprises a linker molecule 
or amino acid that can be present or absent V comprises a signal protein or peptide, for 
example Human serum albumin protein, Antennapedia peptide, Kaposi fibroblast growth 
factor peptide. Caiman crococfylus Ig(S) light chain peptide, HIV envelope glycoprotein 
gp41 peptide, HIV-1 Tat peptide. Influenza hemagglutinin envelope glycoprotein peptide, 
or transportan A peptide; each n is independently an integer from about 1 to about 50; and 
N' is an integer from about 1 to about 100. In another embodiment, W is selected from the 
group consisting of amide, phosphate, phosphate ester, phosphoramidate, or thiophosphate 
ester linkage. 

In another embodiment, the invention features a compound having Formula 59: 




(CH2)ir 



59 

wherein each Ri independentiy comprises O, S, N, substituted N, or a phosphorus 
containing group; each R2 independentiy comprises O, S, or N; X comprises H, amino, 
substituted amino, nucleotide, nucleoside, nucleic acid, oligonucleotide, or otiier 
biologically active molecule; n is an integer from about 1 to about 50, Q comprises H or a 
removable protecting group which can be optionally absent, each W independentiy 
comprises a linker molecule or chemical linkage that can be present or absent, and V 
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comprises a signal protein or peptide, for example Human serum albumin protein, 
Antennapedia peptide, Kaposi fibroblast growth factor peptide. Caiman crocodylus Ig(5) 
light chain peptide, HIV envelope glycoprotein gp41 peptide, fflV-l Tat peptide, Influenza 
hemagglutinin envelope glycoprotein peptide, or transportan A peptide, or a compound 
5 having Formula 45 




45 

wherein Z comprises H, OH, O-alkyl, SH, S-allgrl, alkyl, substituted alkyl, aryl, 
substituted aryl, amino> substituted amino, a removable protecting group, a siNA molecule 
10 or a portion tiiereof; and n is an integer firom about 1 to about 100. In another embodiment, 
W is selected from tfae^ group consisting of amide, phosphate, phosphate ester, 
phosphotamidate, or fhiophosphate ester linkage. 

In ano&er embodiment, the invention features a compound having Formula 60: 



O 




. wherein R] can include the gioiqis: 



|— CHa CH3O— I N=C^'^^^ NHC^-^ ^ 




and wherein R2 can include the groups: 
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^ CH2CH3 ^ — ^ 

and whexein Tr is a removable protecting group, for example a trityl, monomethoxytrityl, 
or dimefhoxytrityl; n is an integer from about 1 to about SQ; and Rg is a nitrogen protecting 
group, for example a phthaloyl, trifluoroacetyl, FMOC, or monomefhoxytrityl group. 

5 In another embodiment, the invention features a compound having Fomiula 61 : 

X W Y- 



R— IP R3— W-^v)^ 



R2 

61 

wherein X comprises a siNA molecule or portion thereof; each W independentiy 
comprises a linker molecule or chemical linkage that can be die same or different and can 

10 be present or absent Y comprises a linker molecule that can be present or absent each 5 
independently comprises a signal protein or peptide, for example Human serum albumin 
protein, Antennapedia peptide, Kaposi fibroblast growth factor peptide. Caiman 
crocodylus Ig(5) ligiht chain peptide, HIV envelope ^ycoprotein gp41 pq>tide, HIV-1 Tat 
peptide. Influenza hemag^utinin envelope glycoprotein peptide, or transportan A peptide;; 

15 each Ri, R2, R3, and R4 independently comprises O, OH, H, alkyl, all^lhalo, O-alkyl, 
O-alkylcyano, S, S-alkyl, S-allsylcyano, N or substituted N, and n is an integer from about 1 
to about 10. In another embodiment, W is selected from the group consisting of amide, 
phosphate, phosphate ester, phosphoramidate, or thiophosphate ester linkage. 

In another embodiment, the invention features a compound having Formula 62: 



X — w — p- 

20 ''i 




62 
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wheiein X comprises a siNA molecule or portion thereof; each 5 independenfly 
comprises a signal protein or peptide, for example Hmnan sermn albumin protein, 
Antennapedia peptide, Kaposi IBbroblast growth factor peptide. Caiman crocodylus Ig(5) 
light chain peptide, fflV envelope glycoprotein gp41 peptide, mV-1 Tat peptide, bifluenza 
5 hemagglutimn envelope glycoprotein peptide, or transportan A p^tide; . W comprises a 
linker molecule or chemical linkage that can be present or absent; each R|, R2, and R3 
independently comprises O, OH, H, allqrl, allqrlhalo, O-alkyl, O-allqrlcyano, S, S-aOgrl, 
S-alkylcyano, N or substituted N, and each n is independently an integer ftom about 1 to 
about 10. In another embodiment W is selected fiom the group consisting of amide, 
10 phosphate, phosphate ester, phosphoramidate, or ttiiophosphate ester linkage. 

In another embodiment, tfie invention features a compound having Formula 63: 



-W P- 

I 



l--R.-^'^^H^r^R--sr^ \iH— V 



t 



-R4 
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wherein X comprises a siNA molecule or portion thereof; V comprises a signal 
15 protein or peptide, for example Himian serum albumin protein, Antennapedia peptide, 
Kaposi fibroblast growth factor peptide. Caiman crocodylus Ig(5) light chain peptide, HIV 
envelope glycoprotein gp41 peptide, HIV- 1 Tat peptide. Influenza hemagglutinin envelope 
glycoprotein peptide, or tiansportan A peptide; W comprises a linker molecule or chemical 
linkage that can be present or absent; each Ri, R2, R3 independently comprises O, OH, H, 
20 alkyl, alkylhalo, O-alkyl, O-alfcykyano, S, S-alkyl, S-alkylcyano, N or substituted N, R4 
represents an ester, amide, or protecting group, and each n is independently an integer Scorn 
about 1 to about 10. In another embodiment- W is selected from the group consisting of 
amide, phosphate, phosphate ester, phosphoramidate, or fhiophosphate ester linkage. 

In another embodiment, the invention features a compoimd having Formula 64: 
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R4 

IT 

-W Y~R,-P-R3H 



64 



^R,-P-R3— W— A 
R4 

^Ri— P-R3— W— B 
Ra 



wherein X comprises a siNA molecule or portion thereof; each W independenfly 
comprises a linker molecule or chemical linkage Aat can be present or absent, Y conq>rises 
a linker molecule fliat can be present or absent, each R|, R2, R3, and R4 independenfly 
comprises O, OH. H, alkyl, alkylhalo. O-alkyl, O-alkylcyano, S, S-alkyl, S-alkylcyano, N 
or substituted N, A comprises a nitrogen containing group, and B comprises a lipophilic 
group. In another embodiment, W is selected ftom the group consisting of amide, 
phosphate, phosphate ester, phosphoramidate, or thiophosphate ester linkage. 

Li anotiier embodiment the invention features a conq)ound having Formula 65: 

.W-R5 



-W- 



-Y-Ri-P-Rj- 
Ra 



65 



"W— Re 



wherein X comprises a siNA molecule or portion thereof; each W indqiendently 
conqnises a linker molecule or chemical linkage that can be present or absent, Y comprises 
a linker molecule fliat can be present or absent; each Ri, R2, R3, and R, independently 
conq)rises O, OH, H, allqrl, allqrlhalo, O-alkyl, O-allQrlcyano, S, S-allqrl, S-alkylcyano, N 
or substituted N, RV comprises the lipid or phospholipid component of any of Formulae 
47-50, and Re comprises a nitrogen containing group. In anotiier embodiment, W is 
selected fitom the group consisting of amide, phoqihate, phosphate ester, phosphoramidate, 
or thiophosphate ester linkage. 

In another embodiment, the invention features a compound having Formula 92: 
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92 

wherein B comprises H, a nucleoside base, or a non-nucleosidic base with or 
witfiout protecting groups; each R| indq)endently comprises O, OH, H, alliyl, allgrlhalo, 
O-alkyl, O-alkylhalo, S, N, substituted N, or a phosphoms containing group; X comprises 
H, a removable protecting group, amino, substituted amino, nucleotide, nucleoside, nucleic 
acid, oligonucleotide, enzymatic nucleic acid, amino acid, peptide, protein, lipid, 
phospholq>id, biologically active molecule or label; W comprises a linker molecule or 
chemical linkage that can be present or absent R2 comprises O, NH, S, CO, COO, ON=C, 
or alkyl; R3 comprises alkyl, akloxy, or an aminoacyl side chain; and SG comprises a sugar, 
for example galactose, galactosamine, N-acetyl-galactosamine, glucose, mannose, fructose, 
or fucose and the respective D or L, alpha or beta isomers. In another embodiment, W is 
selected from the group consisting of amide, phosphate, phosphate ester, phosphoramidate, 
or Aiophosphate ester linkage. 

15 In another embodiment, the invration features a compound having Formula 86: 

X— W-O^ 

. . — (CH2)„ 



R2H 



SG 

(9H2)„ 



OR1 

86 

wherein Ri comprises H, allgrl, alkylhalo, N, substituted N, or a phosphorus 
containmg group; R2 comprises H, O, OH, allqrl, alkylhalo, halo, S, N, substituted N, or a 
phosphorus containing group; X comprises H, a removable protecting group, a siNA 
molecule or a portion thereof; W comprises a linker molecule or chemical linkage ftiat can 
be present or absent; R3 comprises O, NH, S, CO, COO, ON==C, or alkyl; R4 comprises 
alkyl, akloxy, or an aminoacyl side cham; and SG comprises a sugar, for example galactose. 
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galactosamine, N-acetyl-galactosatnine, glucose, maimose, fructose, or fucose and die 
respective D or L» alpha or beta isomers, and each n is independently an inte^r from about 
0 to about 20. In another embodiment, W is selected from the group consisting of amide, 
phosphate, phosphate ester, phosphoramidate, or thiophosphate ester linkage. 

S In another embodiment, the invention features a compound having Formula 87: 

Y W C=N — O X 

I 

87 

wherein X comprises a protein, peptide, antibody, lipid, phospholipid, 
oligosaccharide, label, biologically active molecule, for example a vitamin such as folate, 
10 vitamin A, E, B6, B12, coenzyme, antibiotic, antiviral, nucleic acid, nucleotide, nucleoside, 
or oligonucleotide such as an enzymatic nucleic acid, allozyme, antisense nucleic acid, 
siNA, 2,S-A chimera, decoy, aptamer or triplex forming oligonucleotide, or polymers such 
as polyethylene glycol; W comprises a linker molecule or chemical linkage Aat can be 
present or absent; and Y comprises siNAor a portion thereof; Ri comprises H, alkyl, or 
15 substituted all^l. In another embodiment, W is selected from the group consisting of 
amide, phosphate, phosphate ester, phosphoramidate, or thiophosphate ester linkage. 

In another embodiment, the invention features a compound having Formula 88: 

O 

Y W C — NH — O X 

88 

20 wherein X conqmses a protein, peptide, antibody, lipid, pihoq>hblipid, 

oligosaccharide, label, biologically active molecule, for example a vitamin such as folate, 
vitamin A, E, B6, B12, coenzyme, antibiotic, antiviral, nucleic acid, nucleotide, nucleoside, 
or oligonucleotide such as an enzymatic nucleic acid, allozyme, antisense nucleic acid, 
siNA, 2,5-A chimera, decoy, aptamer or triplex forming oligonucleotide, or polymers such 
25 as polyethylene glycol; W comprises a linker molecule or chemical linkage that can be 
present or absent, and Y comprises a siNA or a portion thereof. In another embodiment, W 
is selected from the group consisting of amide, phosphate, phosphate ester, 
phosphoramidate, or diiophosphate ester linkage. 
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In anottier embodiment, fhe invention features a compound having Fonnula 99: 

^R^-P-Ra-W-SG 



-W Y-R1-P-R3" 

R2 



99 



i?4 

R2 



wherein X comprises a siNA molecule or portion thereof; each W independently 
5 comprises a linker molecule or chemical linkage that can be present or absent, Y comprises 
a linker molecule that can be present or absent; each Ru R2» R3» and R4 independently 
comprises O, OH, H, alkyl, alkylhalo, O-alkyl, O-alkylcyano, S, S-alkyl, S-allgrlcyano, N 
or substituted N, and SG comprises a sugar, for example galactose, galactosamine, 
N-acetyl-galactosamine or branched derivative thereof, glucose, maimose, fructose, or 
10 fucose and the respective D or L, alpha or beta isomers. In another embodiment, W is 
selected from tibie group consisting of amide, pho^hate, phosphate ester, phosphoramidate, 
or fhiophosphate ester linkage. 

In anoflier raibodiment, the invention features a compound having Fonnula 100: 

O-W-SG 

X W Y-R,-P-R3-wJ^o-W-SG 

R2 

15 100 

wherein X conqirises a siNA molecule or portion thereof W comprises a linker 
molecule or chemical linkage that can be present or absent, Y comprises a linker molecule 
that can be present or absent; each Ri, R2, R3, and R4 independently comprises O, OH, H, 
^Ikyl, alkylhalo, O-alkyl, O-alkylcyano, S, S-alkyl, S-alkylcyano, N or substituted N, and 
20 SG comprises a sugar, for example galactose, galactosamine, N-acetyl-galactosamine or 
branched derivative thereof, glucose, mannose, fructose, or fucose and the respective D or 
L, alpha or beta isomers. In anofter embodiment, W is selected from the group consisting 
of amide, phosphate, phosphate ester, phosphoramidate, or thiophosphate ester linkage. 
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In one embodiment, the SG component of any compound having Fonnulae 99 or 
100 comprises a compound having Formula 101: 

R7HN 

101 

wherein Y comprises a linker molecule or chemical linkage that can be present or 
absent and each R7 independently comprises an acyl group that can be present or absent, for 
example a acetyl group. 

In one embodiment flie W-SG component of a conqiound having Formulae 99 
conqyrises a compound having Formula 102: 

OR7 ^ R2 




102 



wheiein R2 comprises 0» OH, H, allgrl, allcylhalo, O-alkyl, O-alkylhalo, S, N, 
•substituted N, a protecting group, or another compound having Formula 102; Ri 
independently H, OH, alkyl, substituted alkyl, or halo and each R7 independently 
IS comprises an acyl group that can be present or absent, for example a acetyl group, and R3 
comprises O or Ra in Formula 99, and n is an integer from about 1 to about 20. 

In one embodiment, the W-SG component of a compound having Formulae 99 
comprises a compound having Formula 103: 
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103 . 

wheiein Ri comprises H, alkyl, alkylhalo, O-alkyl, O-alkylhalo, S, N, substituted N, 
a protecting group, or another compound having Formula 103; each R7 independently 
5 comprises an acyl ^up that can be present or absent, for example a acetyl group, and R3 
comprises H or R3 in Formula 99, and each n is independently an integer from about 1 to 
about 20. 

In one embodiment, the invention features a compound having Formula 104: 




10 104 

wherein R3 comprises H, OH, anoino, substituted amino, nucleotide, nucleoside, 
nucleic acid, oligonucleotide, amino acid, peptide, protein, lipid, phospholipid, label, or a 
portion thereof, or OR5 where R5 a removable protectmg group, R4 comprises O, alkyl, 
alkylhalo, O-alkyl, O-alkylcyano, S, S-alkyl, S-alkylcyano, N or substituted N, each R? 
1 5 independently comprises an acyl group that can be present or absent, for example a acetyl 
group, and each n is independently an integer from about 1 to about 20, and 

wherein Ri can include the groups: 
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|— CH3 CHiO-| N=C^"^°"y 

o 

and wherein R2 can include the groiq>s: 
/CH2CH3 ^ ^J-^ 



.A 



^ CH2CH3 N — ^ ^ ^ 



In one embodiment, the invention features a compound having Fomiula 105; 




105 

idietein X conqmses a siNA molecule or a portion thereof, Ri comprises O, OH, H, 
alkyl, alkylhalo. O-alkyl, O-alkylhalo. S. N, substituted N, a protecting group, or a 
nucleotide, polynucleotide, or oligonucleotide or a ppition flxereof, R, independently H, 
10 OH, alkyl, substituted alkyl, or halo and each Ry independently comprises an acyl groiq) 
ftat can be present or absent, for example a acetyl group, and n is an integer ftom about 1 to 
about 20. 

la one embodiment the invention features a compound having Formula 106: 





15 



ORt**' 



106 
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wherein X comprises a siNA molecule or a portion fliereof, Ri comprises H, OH, 
amino, substituted amino, nucleotide, nucleoside, nucleic acid, oligonucleotide, amino acid, 
peptide, protein, lipid, phospholipid, label, or a portion thereof, or OR5 where R5 a 
removable protecting group, each R7 independently comprises an acyl group that can be 
5 present or absent, for example a acetyl group, and each n is independently an integer from 
about 1 to about 20 

In another embodiment, the invention features a compound having Formula 107: 



R4 

ir 

R2 



R4 

.R-i-P— Ra-W-Cholesterol 



Ri 



2 



R^—P—Rj-W— Cholesterol 



P- 
II 

R2 

107 

10 wherein X comprises a siNA molecule or portion thereof; each W independently 

comprises a linker molecule or chemical linkage that can be present or absent, Y comprises 
a linker molecule that can be present or absent each Ri, R2, R3, and R4 independently 
comprises O, OH, H, alkyl, alkylhalo, O-alkyl, O-alkylcyano, S, S-alkyl, S-alkylcyano, N 
or substituted N, and Cholesterol comprises cholesterol or an analog, derivative, or 

15 metabolite thereof. In another embodiment, W is selected from the group consisting of 
amide, phosphate, phosphate ester, phosphoramidate, or thiophosphate ester linkage. 

In ano&er embodiment, the invention features a compound having Formula 108: 

.0— W-Cholesterol 




R4 

ir 

X W Y— R1-P-R3 "^-o-W-Cholesterol 

R2 

108 

20 wherein X comprises a siNA molecule or portion thereof; W comprises a linker 

molecule or chemical linkage tiiat can be present or absCTit, Y comprises a linker molecule 
fliat can be present or absent; each Ri, R2, R3> and R4 independently comprises O, OH, H, 
alkyl, alkylhalo, O-alkyl, O-alkylcyano, S, S-alkyl, S-aUcylcyano, N or substituted N, and 
Cholesterol comprises cholesterol or an analog, derivative, or metabolite thereof. In 
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another embodiment, W is selected from the group consisting of amide, phosphate, 
phosphate ester, phosphoramidate, or thiophosphate ester linkage. 

In one embodiment, the W-Cholesterol compon^it of a compound having Formula 
107 comprises a compound haAong Formula 109: 




109 



wherein R3 comprises R3 as described in Formula 107, and n is independently an 
integer from about 1 to about 20. 

In one embodiment, fhe invention features a compound having Formula 110: 



10 




110 



15 



vrbecan R4 comprises O, alkyl, alkylhalo, Oalkyl, O-alkylcyano, S, S-all^l, 
S-alliylcyaiio, N or substituted N, each n is independently an integer from about 1 to about 
20, and 

viierein Rj can include the groups: 



|— CH3 



CH3O 



and wherein R2 can include the groups: 
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10 



i / i /CH2CH3 p , / y 



or 



|— N O 



In one embodiment, fhe invention features a compoimd having Formula 111: 




111 



wherein X comprises a siNA molecule or portion thereof; W comprises a linker 
molecule or chemical linkage that can be present or absent, and n is an integer from about 1 
to about 20. In another embodiment, W is selected from the group consisting of amide, 
phosphate, phosphate ester, phosphoramidate, or thiophosphate ester linkage. 

In one embodiment, the invention features a compound having Formula 1 12: 





112 



wherein n is an integer from about 1 to about 20. In another embodiment, a 
compound having Formula 1 12 is used to generate a compound having Fomula 1 1 1 via 
NHS ester mediated coupling with a biologically active molecule, such as a siNA molecule 
15 or a portion thereof. In a non-limiting example, the NHS ester coupling can be effectuated 
via attachment to a free amine present in the siNA molecule, such as an amino linker 
molecule present on a nucleic acid sugar (e.g., 2'-amino linker) or base (e.g., C5 alkyl 
amine linker) component of the siNA molecule. 

In one embodiment, the invention features a compound having Formula 113: 
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10 




113 



wherein R3 comprises H, OH, andno, substituted amino, nucleotide, nucleoside, 
nucleic acid, oligonucleotide, amino acid, peptide, protein, Upid, phospholipid, label, or a 
5 portion thereof or OR5 where R5 a removable protecting group, R4 comprises O, alkyl, 
alkyihalo, O-alkyl, O-allgrlcyano, S. S-aHgrl, S-allgrlcyano, N or substituted N. each n ii 
independently an integer fiom about 1 to about 20, and 

whaein Ri can include the groups: 

CH3 CH3O-I N=C'^"'^**'y N=< 




In another embodiment, a compound having Formula 113 is used to generate a 

compound havingFormuh 111 viaphosphoramidite mediated coupling withabiologically 
1 5 active molecule, such as a siNA molecule or a portion thereof. 

In one embodiment, flie invention features a compound having Formula 1 14: 
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15 



O 




114 



wherein X comprises a siNA molecule or portion thereof, W comprises a linker 
molecule or chemical linkage that can be present ot absent, and n is an integer ftom about 1 
to about 20. In another embodiment. W is selected fiom the group consisting of amide, 
phosphate, phosphate ester, phosphoramidate. or tfaiophosphate ester linkage. 

In one embodhnent, the ravention features a compound having Formula 115: 




115 

wh^in X comprises a siNA molecule or portion thereof; W comprises a linker 
molecule ^jchenucal linl^ge that can be present or absent, R3 comprises H. OH, amino, 
substitotea'an^ci, nucleotide, nucleoside, nucleic acid, oUgonucIeotide, amino acid, 
peptide, protein, lipid, phospho%id, label, or a portion thereof, or OR5 where R5 a 
removable protecting group, and each n is independently an integer &om about 1 to about 

20. Inanoflierembodiment.Wisselectedfiomfliegioupcon8istingofamide,pho^hate, 
phosphate ester, phosphoramidate, or Ihiophosphate ester link^. 

In one embodiment, the mvention features a compound having Formula 1 16: 



t 
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116 

wherein R3 comprises H, OH, amino, substituted amino, nucleotide, nucleoside, 
nucleic add, oligonucleotide, amino acid, peptide, protein, Kpid, phospholipid, label, or a 
portion ftereof, or OR5 where R5 a removable protecting groiq>, R4 comprises O, alkyl, 
alkylhalo. O-alkyl. O-alkylcyano, S. S-aBcyl, S-alkylcyano, N or substituted N. each n is 
independratly an integer fijom about 1 to about 20, and 

wherein Ri can include the groups: 
|— CH3 CH3O— I N=( 



.A 




and wherein R2 can include the groups: 



K K 



^CH2CH3 



CH2CH3 



f — K 



r 



In another embodiment, a compound having Formula 116 is used to generate 
compound having Formula 114 or 115 via phosphoramidite mediated coupling with 
1 5 Hologically active molecule, such as a siNA molecule or a portion thereof. 

In one embodiment, Oie invention features a compound having Formula 117: 
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117 

wherein R3 comprises H, OH, amino, substituted amino, nucleotide, nucleoside, 
nucleic acid, oligonucleotide, amino acid, peptide, protein, lipid, phospholipid, label, or a 
portion thereof, or OR5 where R5 a removable protecting group, R4 comprises O, alkyl, 
alkylhalo, O-alkyl, O-alkylcyano, S, S-alkyl, S-alkylcyano, N or substituted N, each R7 
independently comprises an acyl group that can be present or absent, for example a acetyl 
group, each n is independently an integer from about 1 to about 20, and 



wherein Ri can include the groups: 
|— CH3 CH3O— I N=C 




and wherein R2 can include the groups: 



( 



f— N |— N 

\:h2CH3 \ — 



or 



In another embodiment, a compound having Formula 117 is used to generate a 
IS compound having Formula 105 via phosphoramidite mediated coupling with a biologically 
active molecule, such as a siNA molecule or a portion thereof. 

In one embodiment, the invention features a compound having Formula 118: 
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118 

wherein X comprises a siNA molecule or portion thereof; W comprises a linker 
molecule or chemical linkage that can be present or absent, R3 comprises H, OH, amino, 

5 substituted amino, nucleotide, nucleoside, nucleic acid, oligonucleotide, amino acid, 
peptide, protein, lipid, phospholipid, label, or a portion tiieieof, or OR5 where Rs a 
removable protecting group, each R7 independenfly comprises an acyl group fliat can be 
present or absent, for example a acetyl group, and each n is independently an integ^ finom 
about 1 to about 20. In another embodiment, W is selected from the group consisting of 

1 0 amide, phosphate, phosphate ester, phosphoramidate, or tiuophosphate ester linkage. 

In one embodiment, tiie invention features a compound having Formula 119: 





OR7 ' 



119 



wherein X comprises a siNA molecule or portion thereof; W comprises a linker 
15 molecule or chemical linkage that can be present or absent, each R7 independently 
comprises an acyl group that can be present or absent, for example a acetyl group, and each 
n is independentiy an integer from about 1 to about 20. In another embodiment, W is 
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selected from the group consisting of amide, phosphate, phosphate ester, phosphoramidate, 
or thiophosphate ester linkage. 

In one embodiment, the invention features a compound having Formula 120: 



0R7 



0R7 



5 120 

wheiein R3 comprises H, OH, amino, substituted amino, nucleotide, nucleoside, 
nucleic acid, oligonucleotide, amino acid, peptide, protein, Kpid, phospholipid, label, or a 
portion tiiereof, or OR5 where R5 a removable protecting group, R4 comprises O, allqrl, 
alkylhalo, O-alkyl, O-alkylcyano, S, S-alkyl, S-alkylcyano, N or substituted N, each R7 

10 independently comprises an acyl group that can be present or absent, for example a acetyl 
group, each n is independently an integer from about 1 to about 20, and 

wherein Rt can include Ifae groups: 

|— CH3 CH3Q-I N=c^"^°v ^=o^^^y 



o 

and wherem R2 can include the groups: 



O 



\ "CH2CH3 

15 
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15 



In another embodiment, a compound having Formula 120 is used to generate a 
compound having Fonnula 118 or 119 via phosphotamidite mediated coupling with a 
biologically active molecule, such as a siNA molecule or a portion thereof. 

In one embodiment, the invention features a compound having Formula 121: 



X— ^ 




0R7 



121 



wherein X comprises a siNA molecule or portion thereof, W comprises a linker 
molecule or chemical linkage that can be piesent or absent, each R7 independently 
conq>rises an ac^l group that can be preset or absent, for example a acetyl group, and each 
n is independently an integer from about 1 to about 20. In another embodiment, W is 
selected from the group consisting of amide, phosphate, phosphate ester, phosphoramidate, 
or thiophosphate ester linkage. 

In one embodiment the invention features a compound having Fonnula 122: 




R7HN 



H ^'n 



OR7 



ORf 



OR7 



122 



wherein R3 comprises H, OH, amino, substituted amino, nucleotide, nucleoside, 
nucleic acid, oligonucleotide, amino acid, peptide, protein, lipid, phospholipid, label, or a 
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portion thereof, or OR5 where R5 a removable protecting group, R4 comprises O, alkyl, 
alkylhalo, O-alkyl, O-alkylcyano, S, S-alkyl, S-alkylcyano, N or substituted N, each R7 
independently comprises an acyl group that can be present or absent, for example a acetyl 
group, each n is independently an integer from about 1 to about 20, and 

S wherein R\ can include the groups: 

|— CH3 CH3O— I N=C- 




or 



o 



and wherein R2 can include the groups: 

^ ^CH2CH3 ^ 

In another embodiment, a compound having Formula 122 is used to generate a 
10 compound having Formula 121 Aaa phosphoramidite mediated coupling with a biologically 
active molecule, such as a siNA molecule or a portion thereof. 

In one embodiment, the invention features a compound having Formula 94, 

X Y— W Y Z 

94 

15 wherein X comprises a siNA molecule or a portion thereof; each Y independently 

comprises a linker or chemical linkage that can be present or absent, W comprises a 
biodegradable nucleic acid linker molecule, and Z comprises a biologically active molecule, 
for example an enzymatic nucleic acid, allozyme, antisense nucleic acid, siNA, 2,5-A 
chimera, decoy, aptamer or triplex forming oligonucleotide, peptide, protein, or antibody. 

20 In another embodiment, W of a compound having Formula 94 of Ae invention 

comprises 5'-^ytidine-deoxythymidine-3% 5'-deoxythymidine-^ytidine-3% 
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5'-cytidine-deoxyuridine-3% 5'-deoxyuridine-cytidine-3% 5'-uridme-deoxythymidme-3% 
or 5'-deoxythymidine-uridiiie-3'. 

In yet another embodiment, W of a compomid having Formula 94 of the invention 
comprises 5*-adenosine-deoxythymidine-3% 5*-deoxythymidine-adenosine-3% 
5 5'-adenosine-deoxyuridine-3% or 5'-deoxyuridine-adenosine-3 \ 

In another embodiment, Y of a compound having Formula 94 of the invention 
comprises a phosphorus containing linkage, phoshoramidate linkage, phosphodiester 
linkage, phosphorothioate linkage, amide linkage, ester linkage, carbamate linkage, 
disulfide linkage, oxime linkage, or morpholino linkage. 
10 In another embodiment, compounds having Formula 89 and 91 of the invention are 

synthesized by periodate oxidation of an N-terminal Serine or Threonine residue of a 
peptide or protein. 

In one embodiment, X of compounds having Fonnulae 43, 44, 46-52, 58, 61-65, 
85-88, 92, 94, 95, 99, 100, 105-108, 111, 114, 115, 118, 119, or 121 of the invention 
15 conqirises a siNA molecule or a portion dieieof. In one embodhnent, the siNA molecule 
can be conjugated at ttie 5* end, 3*-end, or both 5' and 3' ends of die sense strand or region 
of the siNA. In one embodhnent, the siNA molecule can be conjugated at the 3'-end of ttie 
antisense strand or region of the siNA with a compound of the invention. In one 
embodhnent, both die sense strand and antisense strands or regions of the siNA molecule 
20 are conjugated with a compound of flie invention, hi one embodiment, only die sense 
stxand or region of die siNA is conjugated with a compound of the invention. In one 
embodhnent, only die antisense strand or region of die siNA is conjugated with a 
compound of the invention. 

In one embodiment, W and/or Y of compounds having Formulae 43, 44, 46-52, 58, 
25 61-65, 85-88, 92, 94, 95, 99, 100, 101, 107, 108, 111, 114, 115, 118, 119, or 121 of die 
mvention comprises a degradable or cleavable Imker, for example a nucleic acid sequence 
comprising ribonucleotides and/or deoxynucleotides, such as a dimer, trimer, or tetramer. 
A non Ihniting exanqile of a nucleic acid cleavable Imker is an adenosine-deoxydiymidme 
(A-dT) dimer or a cytidine-deoxythymidine (C-dT) duner. In yet anodier embodiment, W 
30 and/or V of compounds havmg Fonnulae 43, 44, 48-51, 58, 63-65, 96, 99, 100, 107, 108, 
111, 114, 115, 118, 119, or 121 of the mvention comprises a N-hydroxy succmknide 
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(NHS) ester linkage, oxime linkage, disulfide linkage, phosphoramidate, phosphorothioate, 
phosphorodithioate, phosphodiester linkage, or NHC(O), CH3NC(0), CONH, C(0)NCH3, 
S, SO, SO2, 0, NH, NCH3 group. In another embodiment, the degradable linker, W and/or 
Y, of compounds having Formulae Formulae 43, 44, 46-52, 58, 61-65, 85-88, 92, 94, 95, 99, 
5 100, 101, 107, 108, 111, 114, 115, 118, 119, or 121 of the invention comprises a linker that 
is susceptible to cleavage by carboxypeptidase activity. 

In another embodiment, W and/or Y of Formulae Formulae 43, 44, 46-52, 58, 61-65, 
85-88, 92, 94, 95, 99, 100, 101, 107, 108, 111, 114, 115, 118, 119, or 121 comprises a 
polyethylene glycol linker having Formula 45: 



10 



hCHjCHzO-l-Z 



45 



wherein Z comprises H, OH, O-alkyl, SH, S-alkyl, alkyl, substituted alkyl, aiyl, 
substituted aryl, amino, substituted amino, nucleotide, nucleoside, nucleic acid, 
oligonucleotide,, ammo acid, peptide, protein, lipid, phospholipid, or label; and n is an 
1 5 integer firom about 1 to about 1 00. 

In one embodiment, the nucleic acid conjugates of the instant invention are,, 
assembled by solid phase synthesis, for example on an automated peptide synthesizer, for 
example a Miligen 9050 synthesizer and/or an automated oligonucleotide synthesizer such 
as an ABI 394, 390Z, or Pharmacia OligoProcess, OligoPilot, OligoMax, or AKTA 
20 synthesizer. In another embodnnent, the nucleic acid conjugates of the invention are 
assembled post synthetically, for example, following soUd phase oligonucleotide synthesis 
(see for example Figures 45, 50, 53, and 73). 

In another embodiment, V of compounds having Formula 58-63 and 96 comprise 
peptides having SEQ ID NOS: 1114-1123 (Table V). 

25 In one embodiment, the nucleic acid conjugates of the instant invention are 

assembled post synthetically, for example, following solid phase oligonucleotide synthesis. 

The present invention provides compositions and conjugates comprising nucleosidic 
and non-nucleosidic derivatives. The present invration also provides nucleic acid, 
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polynucleotide and oligonucleotide derivatives including RNA, DNA, and PNA based 
conjugates. The attachment of compounds of the invention to nucleosides, nucleotides, 
non-nucleosides, and nucleic acid molecules is provided at any position within the 
molecule, for example, at intemucleotide linkages, nucleosidic sugar hydroxyl groups such 
5 as 5% 3% and 2*-hydroxyls, and/or at nucleobase positions such as amino and carbonyl 
gioups. 

The exemplary conjugates of the invention are described as compounds of the 
formulae hereui, however, oflier peptide, protein, phospholipid, and poly-alkyl glycol 
derivatives are provided by the invention, including various analogs of the compounds of 
10 formulae 1-122, including but not limited to different isomers of the compounds described 
herein. 

The exemplary folate conjugates of the invention are described as compounds shown 
by formulae herein, however, other folate and antifolate derivatives are provided by the 
invention, including various folate analogs of the formulae of the invention, including 
15 dihydrofloates, tetrahydrofolates, tetrahydorpterins, folinic acid, pteropolyglutamic acid, 
1-deza, 3-deaza, 5-deaza, 8-deaza, 10-deaza, 1,5-deaza, 5,10 dideaza, 8,10-dideaza, and 
5,8-dideaza folates, antifolates, and pteroic acids. As used herein, the term "folate" is 
meant to refer to folate and folate derivatives, including pteroic acid derivatives and 
analogs. 

20 The present invention features compositions and conjugates to facilitate delivery of 

molecules into a biological system such as cells. The conjugates provided by the instant 
invention can impart therapeutic activity by transferring therapeutic compounds across 
cellular membranes. ,The present invention encompasses the design and synthesis of novel 
agents for the delivery of molecules, including but not limited to siNA molecules; In 

25 general, flie transporters described are designed to be used either individually or as part of a 
multi-component system. The compounds of the invention generally shown in Formulae 
herein are expected to improve delivery of molecules into a number of cell types 
originating from different tissues, in the presence or absence of serum. 

La another embodiment, the compounds of the invention are provided as a surface 
30 component of a lipid aggregate, such as a liposome encapsulated with tiie predetermined 
molecule to be delivered. Liposomes, which can be unilamellar or multilamellar, can 
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introduce encapsulated material into a cell by different mechanisms. For example, the 
liposome can directly introduce its encapsulated material into thp cell cytoplasm by fusing 
with the cell membrane. Alternatively, the liposome can be compartmentalized into an 
acidic vacuole (i.e., an endosome) and its contents released from the liposome and out of 
5 the acidic vacuole into the cellular cytoplasm. 

In one embodiment tfie invention features a lq>id aggregate formulation of the 
compounds described herein, including phosphatidylcholine (of varying chain lengfli; e.g., 
egg yolk phosphatidylcholine), cholesterol, a cationic lipid, and 
i;2-Kiistearoyl-sn-^ycero-3-phosphoethanolamine-polythyleneglycol-2000 
10 (DSPE-PEG2000). The cationic lipid component of this lipid aggregate can be any 
cationic lipid known in the art such as dioleoyl l,2,-diacyl-3-trimefliylammonium-propane 
(DOTAP). In another embodiment ttiis cationic lipid aggre^te comprises a covalently 
bound compound described in any of the Formulae herein. 

la anoflier embodiment, polyefliylene glycol (PEG) is covalently attached to the 
15 compounds of ttie piesent invention. The attached PEG can be any molecular weight but is 
preferably between 2000-50,000 daltons. 

The compounds and methods of the present invention are useful for introducing 
nucleotides, nucleosides, nucleic acid molecules, lipids, peptides, proteins, and/or 
non-nucleosidic small molecules into a cell. For example, the invention can be used for 
20 nucleotide, nucleoside, nucleic acid, lipids, peptides, proteins, and/or non-nucleosidic 
small molecule delivery where the corresponding target site of action exists intmcellularly . 

In one embodmien^ the compounds of the instant invention provide conjugates of 
molecules that can intact with cellular receptors, such as high affinity folate receptors and 
ASGPr receptors, and provide a number of features that allow the efBcient delivery and 

25 subsequent release of conjugated compounds across biological membranes. The 
compounds utilize chemical linkages between the receptor ligand and the compound to be 
delivered of length that can interact preferentially with cellular receptors. Furthermore, the 
chemical linkages between the ligand and the compound to be delivered can be designed as 
degradable linkages, for example by utilizing a phosphate linkage that is proximal to a 

30 nucleophile, such as a hydroxyl group. Deprotonation of the hydroxyl group or an 
equivalent group, as a result of pH or interaction with a nuclease, can result in nucleophilic 
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attack of the phosphate resulting in a cyclic phosphate intennediate that can be hydrolyzed. 
This cleavage mechanism is analogous RNA cleavage in the presence of a base or RNA 
nuclease. Alternately, other degradable linkages can be selected that respond to various 
factors such as UV inadiation, cellular nucleases, pH, temperature etc. The use of 
5 degradable linkages allows the delivered compound to be released in a predetermined 
system, for example in the cytoplasm of a cell, or in a particular cellular organelle. 

The present invention also provides ligand derived phosphoramidites fliat are readily 
conjugated to compounds and molecules of interest Phosphoramidite compounds of the 
invention permit the direct attachment of conjugates to molecules of interest without the 

10 need for using nucleic acid phosphoramidite species as scaffolds. As such, flie used of 
phosphoramidite chemistry can be used directly in coupling tiie compounds of the 
invention to a compound of interest, without the need for other condensation reactions, 
such as condensation of flie ligand to an armno group on the nucleic acid, for example at tiie 
N6 position of adenosine or a 2»-deoxy-2'-ammo fimction. Additionally, compounds of the 

15 invention can be used to introduce non-nucleic acid based conjugated linkages into 
oligonucleotides that can provide more efGcient coupling during oMgonucleotide synthissis 
tiian flie use of nucleic acid-based phosphoramidites. This improved coupling can take into 
account inq>roved steric considerations of abasks or non-nucleosidic scaffolds bearing 
pendant alltyl linkages. 

20 Compounds of the mvention utilidng triphosphate groups can be utilized in die 

enzymatic incorporation of conjugate molecules mto oligonucleotides. Such en^rmatic 
incorporation is useftil yibea conjugates are used in post-synflietic ^izymatic coigugation 
or selection reactions, (see for example Matulic-Adamic et al, 2000, Bioorg. Med. Chem. 
Lett., 10, 1299-1302; IjseetaL, 2001,NAR., 29, 1565-1573; Joyce, 1989, Gene. 82, 83-87; 
25 Beaudry et al., 1992, Science 257, 635-641; Joyce, 1992, Scientific American 267, 90-97; 
Breaker et al., 1994. IWTECH 12, 268; Bartel et a/..1993. Science 261:1411-1418; 
Szostak, 1993, TWS 17. 89-93; Kumar era/., 1995,FASEBJ.. 9, 1 183; Breaker, 1996, Curr. 
Op. Biotech., 7, 442; Santoro et aL. 1997, Proc. Natl. Acad. Sci., 94, 4262; Tang et al, 1997, 
/JAM 3. 914; Nakamaye& Eckstein. 1 994, s^pra; Long AUWenbeck, 1994, supra; Ishizaka 
30 et al.. 1995, «<pra; Vaish et al., 1997, Biochemistry 36, 6495; Kuwabara et aL, 2000, Curr. 
Opin. Chem. Biol.. 4, 669). 
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The tenn "biodegradable linker** as used herein, refers to a nucleic acid or 
non-nucleic acid linker molecule tha^Js designed as a biodegradable luiker to connect one 
molecule to anoflier molecule, for example, a biologically active molecule to a siNA 
molecule of the invention or the sense and antisense strands of a siNA molecule of the 
5 invention. The biodegradable linker is designed such that its stability can be modulated for 
a particular purpose, such as delivery to a particular tissue or cell type. The stability of a 
nucleic acid-based biodegradable linker molecule can be modulated by usmg various 
chemistries, for example combinations of ribonucleotides, deoxyribonucleotides, and 
chemically-modified nucleotides, such as 2'-0-methyl, 2'-fluoro, 2'-amino, 2'-0-amino, 
10 2*-C-allyl, 2*-0-allyl, and other 2*-modified or base modified nucleotides. The 
biodegradable nucleic acid linker molecule can be a dimer, trimer, tetramer or longer 
nucleic acid molecule, for example, an oligonucleotide of about 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 
12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleotides in length, or can comprise a single 
nucleotide with a phosphoras-based linkage, for example, a *phosphoramidate or 
1 5 phosphodiester linkage. The biodegradable nucleic acid linker molecule can also comprise 
nucleic acid backbone, nucleic acid sugar, or nucleic acid base modifications. 

The term "biodegradable" as used herein, refers to degradation in a biological system, 
for example mzymatic degradation or chemical degradation. 

The term "biologically active molecule" as used herein, refers to compounds or 
>20 molecules that are capable of eliciting or modifying a biological response in a system. 
Non-limiting examples of biologically active siNA molecules eiflier alone or in 
combination with other molecules contemplated by the instant invention include 
therapeutically active molecules such as antibodies, cholesterol, hormones, antivirals, 
peptides, proteins, chemotherapeutics, small molecules, vitamins, co-factors, nucleosides, 
25 nucleotides, oligonucleotides, enzymatic nucleic acids, antisense nucleic acids, trq>lex 
forming oligonucleotides, 2,5-A chimeras, siNA, dsRNA, allozymes, aptamers, decoys and 
analogs thereof. Biologically active molecules of the invention also include molecules 
capable of modulating the pharmacokinetics and/or pharmacodynamics of other 
biologically active molecules, for example, lipids and polymers such as polyamines, 
30 polyamides, polyethylene glycol and other polyethers. 
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The teim "phospholipid" as used herein, refers to a hydrophobic molecule 
comprising at least one phosphorus group. For example, a phospholipid can comprise a 
phosphorus-containing group and saturated or unsaturated alkyl group, optionally 
substituted with OH, COOH, oxo, amine, or substituted or unsubstituted aryl groups. 

5 The term "alkyl" as used herein refers to a saturated aliphatic hydrocarbon, including 

straight-chain, branched-chain "isoalkyl", and cyclic alkyl groups. The term "alkyl" also 
comprises alkoxy, alkyl-thio, alkyl-fliio-alkyl, alkoxyalkyl, alkylamino, alkenyl, alkynyl, 
alkoxy, cycloalkenyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, heteroaryl, C1-C6 
hydrocarbyl, aryl or substituted aryl groups. Preferably, the alkyl group has 1 to 12 carbons. 
10 More preferably it is a lower alkyl of from about 1 to about 7 carbons, more preferably 
about 1 to about 4 carbons. The alkyl group can be substituted or unsubstituted. When 
substituted the substituted gro\ip(s) preferably comprise hydroxy, oxy, fliio, amino, nitro, 
cyano, alkoxy, alkyl-thio, alkyl-thio-alkyl, alkoxyalkyl, alkylamino, silyl, alkenyl, alkynyl, 
alkoxy, cycloalkenyl, cycloalkyl, cycloalkylallQrl, heterocycloalkyl, heteroaryl, C1-C6 

1 5 hydrocarbyl, aryl or substituted aryl groups. The term "alkyl" also includes alkenyl groups 
containing at least one carbon-carbon double bond, including straight-chain, 
branched-chain, and cyclic groups. Preferably, the alkenyLgroup has about 2 to about 12 
carbons. More preferably it is a lower alkenyl of from about 2 to about 7 carbons, more 
preferably about 2 to about 4 carbons. The alkenyl group can be substituted or 

20 unsubstituted. When substituted the substituted group(s) preferably comprise hydroxy, oxy, 
. thio, amino, nitro, cyano, alkoxy, allqrl-thio, alkyl-thio-alkyl, alkoxyalkyl, alkylamino, 
silyl, alkenyl, alkynyl, alkoxy, cycloalkenyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, 
heteroaryl, C1-C6 hydrocarbyl, aryl or substituted aryl groups. The term "alkyl" also 
includes alkynyl groups containing at least one carbon-carbon triple bond, including 

25 strai^t-cham, branched-chain, and cyclic groups. Preferably, the alkynyl group has about 
2 to about 12 carbons. More preferably it is a lower alkynyl of from about 2 to about 7 
carbons, more preferably about 2 to about 4 carbons. The alkynyl group can be substituted 
or unsubstituted. When substituted the substituted group(s) preferably comprise hydroxy, 
oxy, tfiio, amino, nitro, cyano, alkoxy, all^l-thio, alkyl-thio-alkyl, alkoxyalkyl, aU^lamino, 

30 silyl, alkenyl, alkynyl, alkoxy, cycloalkenyl, cycloalkyl, cycloallqrlalkyl, heterocycloalkyl, 
heteroaryl, C1-C6 hydrocarbyl, aryl or substituted aryl groups. Alkyl groups or moieties of 
the invention can also include aryl, alkylaryl, carbocyclic aryl, heterocyclic aryl, amide and 
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ester groups. The preferred substituent(s) of aryl groups are halogen, trihalomethyl, 
hydroxyl, SH, OH, cyano, alkoxy, alkyl, alkenyl, alkynyl, and amino groups. An 
"alkylaryl" group refers to an alkyl group (as described above) covalently joined to an aryl 
group (as described above). Carbocyclic aryl groups are groups wherein the ring atoms on 
5 ttie aromatic ring are all carbon atoms. The carbon atoms are optionally substituted. 
Heterocyclic aryl groups are groups having from about 1 to about 3 heteroatoms as ring 
atoms in the aromatic ring and the remainder of flie ring atoms are carbon atoms. Suitable 
heteroatoms include oxygen, sulfur, and nitrogen, and include fiiranyl, thienyl, pyridyl, 
pyrrolyl, N-lower alkyl pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and flie like, all 
10 optionally substituted An "amide" refers to an -C(0)-NH-R, where R is eittier alkyl, aiyl, 
alkylaryl or hydrogen. An "ester" refers to an -C(0)-OR*, where R is either alkyl, aiyl, 
alkylaryl or hydrogen. 

The term "alkoxyalkyr as used herem refers to an alkyl-O-alkyl ether, for example, 
methoxyethyl or ethoxymefliyL 

15 The term "alkyl-thio-alkyl" as used herein refers to an alkyl-S-alkyl thioether, for 

example, methylthiomethyl ormethyltibioethyl. 

The term "amino" as used herein refers to a nitrogen containing group as is known in 
the art derived from ammonia by the replacement of one or more hydrogen radicals by 
organic radicals. For example, the terms "aminoacyl*' and "aminoallgrr refer to specific 
20 N-substituted organic radicals with acyl and alkyl substituent groups respectively. 

The term "aminatiorf* as used herein refers to a process in which an amino group or 
substituted amine is introduced into an organic molecule. 

The term "exocyclic amine protecting moiety" as used herein refers to a nucleobase 
amino protecting group compatible with oligonucleotide synthesis, for example, an acyl or 
25 amide group. 

The term "alkenyr as used herein refers to a straight or branched hydrocarbon of a 
designed number of caibon atoms containing at least one carbon-carbon double bond. 
Examples of "alkenyl" include vinyl, allyl, and 2-methyl-3-heptene. 



212 



MBHB 03-465-E; (400/160) 

The tenn "alkox/* as used herein refers to an alkyl group of indicated number of 
carbon atoms attached to the parent molecular moiety through an oxygen bridge. Examples 
of alkoxy groups include, for example, metfioxy, ethoxy, propoxy and isopropoxy. 

The term "aUcynyl" as used herein refers to a straight or branched hydrocarbon of a 
5 designed number of carbon atoms containing at least one carbon-carbon triple bond. 
Examples of "alkynyl" include piopargyl, propyne, and 3-hexyne. 

The tenn "aryl" as used herein refers to an aromatic hydrocarbon ring system 
containhig at least one aromatic ring. The aromatic ring can optionally be fiised or 
otherwise attached to otjier aromatic Iqrdrocarbon rings or non-aromatic hydrocarbon rings. 
10 Examples of aryl groups include, for example, phenyl, naphfliyl, 
1,2,3,4-tetrahydronaphflialene and bipheiqrl. Preferred examples of aryl groups include 
phenyl and naphthyl. 

The term "cycloalkenyl" as used herein refers to a C3-C8 cyclic hydrocarbon 
containing at least one carbon-carbon double bond. Examples of cycloalkenyl include 
15 cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclopentadiene, cyclohexenyl, 
1,3-cyclohexadiene, cycloheptenyl, cycloheptatrienyl, and cyclooctenyl. 

The term "cycloalkyl" as used herein refers to a C3-C8 cyclic hydrocarbon. 
Examples of cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl, cyclohe>Qrl, 
cycloheptyl and cyclooctyl. 

20 The term "cycloalkylalkyl," as used herein, refers to a C3-C7 cycloalkyl group 

attached to the parent molecular moiety tiirough an allqrl group, as defiiied above. 
Examples of cycloalkylalkyl groups include cyclopropyhnethyl and cyclopentylethyl. 

The terms 'Tialogen" or "halo" as used herein refers to indicate fluorine, chlorine, 
bromine, and iodine. 

25 The term "heterocycloalkyl," as used herein refers to a non-aromatic ring system 

containing at least one heteroatom selected from nitrogen, oxygen, and sulfur. The 
heterocycloalkyl ring can be optionally fused to or otherwise attached to other 
heterocycloalkyl rings and/or non-aromatic hydrocarbon rings. Preferred heterocycloalkyl 
groups have from 3 to 7 members. Examples of heterocycloalkyl groups include, for 
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example, piperazine, moTpholine, piperidine, tetrahydrofuran, pyrrolidine, and pyrazole. 
Preferred heterocycloalkyl groups include piperidinyl» piperazinyl, morpholinyU and 
pyrolidinyl- 

The term "heteroaryl" as used herein refers to an aromatic ring system containing at 
5 least one heteroatom selected from nitrogen^ oxygen, and sulfur. The heteroaryl ring can be 
fused or otherwise attached to one or more heteroaryl rings, aromatic or non-aromatic 
hydrocarbon rings or heterocycloalkyl rings. Examples of heteroaryl groups include, for 
example, pyridine, fiiran, tfaiophene, 5,6,7,8-tetrahydroisoquinoline and pyrimidine. 
Preferred examples of heteroaryl groups include ^enyU benzofhienyl, pyridyl, quinolyl, 
10 pyrazinyl, pyrimidyl, imidazolyl, benzimidazolyl, furanyl, benzofuranyl, thiazolyl, 
benzofhiazolyl, isoxazolyl, oxadiazolyl, isotfaiazolyl, benzisofhiazolyl, triazolyl, tetrazolyl, 
pyrrolyl, indolyl, pyrazolyl, and benzopyrazolyl. 

The term "C1-C6 hydrocarbyl" as used herein refers to straight, branched, or cyclic 
alkyl groups having 1-6 carbon atoms, optionally containing one or more carbon-carbon 
15 double or triple bonds. Examples of hydrocarbyl groups include, for example, methyl, 
efliyl, propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, pentyl, 2-pen1yl, isopentyl, 
neopentyl, hexyl, 2-hexyl, 3-hexyl, 3-methylpentyl, vinyl, 2-pentene, cyclopropyhnethyl, 
cyclopropyl, cyclohexylmethyl, cyclohexyl and propargyl. When reference is made herein 
to C1-C6 hydrocarbyl containing one or two double or triple bonds it is understood that at 
20 least two carbons are present in the alkyl for one double or triple bond, and at least four 
carbons for two double or triple bonds. 

The term "^protecting group** as used herein, refers to groups known in the art that are 
readily introduced and removed from an atom, for example O, N, P, or S. Protecting groups 
axe used to prevent undesirable reactions from taking place that can compete with the 
25 formation of a specific compound or intermediate of interest. See also *Trotective Groups 
in Organic Synthesis", 3rd Ed., 1999, Greene, T. W. and related publications. 

The tran "nitrogen protecting group," as used herein, refers to groups known in die 
art that are readily introduced on to and removed from a nitrogen. Examples of nitrogen 
protecting groups include Boc, Cbz, benzoyl, and benzyl. See also "'Protective Groups in 
30 Organic Synthesis", 3rd Ed., 1 999, Greene, T. W. and related publications. 
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The tenii "hydroxy protecting group," or *Tiydroxy protection*' as used herein, refers 
to groups known in the art that are readily introduced on to and removed fipom an oxygen, 
specifically an -OH group. Examples of hyroxy protecting groups include trityl or 
substituted trityl goups, such as monomethoxytrityl and dimethoxytrityl, or substituted silyl 



5 groups, such as tert-butyldimethyl, trimefliylsilyl, or tert-butyldiphenyl silyl groups. See 
also "Protective Groups in Organic Synthesis", 3rd Ed., 1999, Greene, T. W. and related 
publications. 

The term "acyr as used herein refers to -C(0)R groups, wherem R is an alkyl or aryl. 

The term "phosphorus containing group" as used herein, refers to a chemical group 
10 containing a phosphorus atom. The phosphorus atom can be trivalent or pentavalent, and 
can be substituted with O, H, N, S, C or halogen atonas. Examples of phosphorus 
containing groups of the instant invention include but are not limited to phosphorus atoms 
substituted with O, H, N, S, C or halogen atoms, comprising phosphonate, 
alkylphosphonate, phosphate, diphosphate, triphosphate, pyrophosphate, phosphoro^oate, 
15 . phosphorodithioate, phosphoramidate, phosphoramidite groups, nucleotides and nucleic 
acid molecules.- 

The term "phosphine" or "phosphite" as used herein refers to a trivalent phosphorus 
species, for example compounds having Formula 97: 



P 



S 



T 



20 



wherein R can include the groups: 





O 



o 



and wherein S and T independenfly include the groups: 
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^ CH2CH3 ^ 

The term "phosphate" as used herein refers to a pentavalent phosphorus species^ for 
example a compound having Formula 98: 

S 

R— P=M 

-wfaeiem R includes flie groups: 

^ O 

and wherein S and T each independently can be a sulfur or oxygen atom or a group 
which can include: 



\ ^CH2CH3 



10 



r 



and wherein M comprises a sulfur or oxygen atom. Hie phosphate of the invention 
can conq)rise a nucleotide phosphate, wherein any R, S, or T in Formula 98 comprises a 
lixikage to a nucleic acid or nucleoside. 

1 5 The term "cationic salf * as used herein refers to any organic or inorganic salt having a 

net positive charge, for example a triethylammonium (TEA) salt 

The term "degradable linker'' as used herem, refers to linker moieties that are capable 
of cleavage under various conditions. Conditions suitable for cleavage can include but are 
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not limited to pH, UV inadiation, enzymatic activity, tempemture, hydrolysis, elimination, 
and substitution reactions, and thermodynamic properties of &e linkage. 

The term "photolabile linker'' as used herein, refers to linker moieties as are known in 
the art, that are selectively cleaved under particular UV wavelengths. Compounds of the 
5 invention containing photolabile linkers can be used to deliver compounds to a target cell 
or tissue of interest, and can be subsequently released in the presence of a U V source. 

The term •'nucleic acid conjugates" as used herein, refers to nucleoside, nucleotide 
and oligonucleotide conjugates. 

The term "lipid" as used herein, refers to any lipophilic compound. Non-limiting 
10 examples of lipid compounds include fatty acids and their derivatives, mcluding straight 
chain, branched cham, saturated and unsaturated fatty acids, carotenoids, terpenes, bile 
acids, and steroids, including cholesterol and derivatives or analogs thereof. 

The tenn "folate" as used heiein, refers to analogs and derivatives of folic acid, for 
example antifolates, dihydrofloates, tetrahydrofolates, tetrahydorpterins, folinic acid, 
15 pteropolyglutamic acid, 1-deza, 3-deaza, S-deaza, 8-deaza, 10-deaza, 1,5-deaza, 5,10 
dideaza, 8,10-dideaza, and 5,8-dideaza folates, antifolates, andpteroic acid derivatives. 

The term "compounds with neutral charge" as used herein, refers to compositions 
which are neutral or uncharged at neutral or physiological pH. Examples of such 
compounds are cholesterol and other steroids, cholesteryl hemisuccinate (CHEMS), 

20 dioleoyl phosphatidyl choline, distearoylphosphotidyl choline (DSPC), fatty acids such as 
oleic acid, phosphatidic acid and its derivatives, phosphatidyl serine, polyethylene glycol 
-conjugated phosphatidylamine, phosphatidylcholine, phosphatidyletibanolamine and 
related variants, prenylated compounds including famesol, polyprenols, tocopherol, and 
their modified forms, diacylsuccinyl glycerols, fusogenic or pore forming peptides, 

25 dioleoylphosphotidylethanolamine (DOPE), ceramide and the like. 

The tenn "lipid aggregate" as used herein refers to a lipid-containing composition 
wherein the lipid is in Ae form of a liposome, micelle (non-lamellar phase) or other 
aggregates with one or more lipids. 



217 



MBHB 03-465-E; (400/160) 



The term "nitrogen containing group" as used herein refers to any chemical group or 
moiety comprising a nitrogen or substituted nitrogen. Non-limiting examples of nitrogen 
containing groups include amines, substituted amines, amides, alkylamines, amino acids 
such as arginine or lysine, polyamines such as spermine or spermidine, cyclic amines such 
S . as pyridines, pyrimidines including uracil, thymine, and cytosine, morpholines, 
phtfaalinudes, and heterocyclic amines such as purines, including guanine and adenine. 

Therapeutic nucleic acid molecules (e.g., siNA molecules) delivered exogenously 
optimally are stable within cells until reverse transcription of the RNA has been modulated 
long enough to reduce the levels of the RNA transcript The nucleic acid molecules are 
10 resistant to nucleases in order to function as effective intracellular therapeutic agents. 
Improvements in the chemical synthesis of nucleic acid molecules described in flie instant 
invention and in the art have expanded the ability to modify nucleic acid molecules by 
introducing nucleotide modifications to enhance their nuclease stability as described 
above. 

15 In yet another embodiment, siNA molecules having chemical modifications that 

mflinfeiifi or enhance enzymatic activity of proteins involved in RNAi are provided. Such 
nucleic acids are also generally more resistant to nucleases than unmodified nucleic acids. 
Thus, in vitro and/or in vivo the activity should not be significantly lowered. 

• Use of the nucleic acid-based molecules ofthe invention will lead to better treatment 
20 of the disease progression by affording the possibility of combination therapies (e,g., 
multiple siNA molecules targeted to different genes; nucleic acid molecules coupled with 
known small molecule modulators; or intermittent treatment with combinations of 
molecules, including different motifs and/or other chemical or biological molecules). The 
treatment of subjects with siNA molecules can also include combinations of different types 
25 of nucleic acid molecules, such as enzymatic nucleic acid molecules (ribozymes), 
allozymes, antisense, 2,5-A oligoadenylate, decoys, and aptamers. 

In another aspect a siNA molecule of the invention comprises one or more 5' and/or a 
' 3'- cap structure, for example on only the sense siNA strand, the antisense siNA strand, or 
both siNA strands. 
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By "cap structure" is meant chemical modifications, which have been incorporated at 
either terminus of the oligonucleotide (see, for example, Adamic et a/., U»S. Pat. No. 
5,998,203, incorporated by reference herein). These terminal modifications protect the 
nucleic acid molecule firom exonuclease degradation, and can help in delivery and/or 

S localization within a cell. The cap can be present at tiie 5'-terminus (S -cap) or at the 
3^-terminal (3'-cap) or can be presoit on both temuni. Non-limiting examples of the S'-cap 
include, but are not limited to, glyceryl, inverted deoxy abasic residue (moiety); 
4',S'-metiiylene nucleotide; l-(beta-I>-exythrofuranosyl) nucleotide, 4'-thio nucleotide; 
carbocyclic nucleotide; l,S-anhydrohexitol nucleotide; L-nucleotides; alpha-nucleotides; 

10 modified base nucleotide; phosphorodithioate linkage; //rreo-pentofiiranosyl nucleotide; 
acyclic 3',4-seco nucleotide; acyclic 3,4-dihydroxybutyl nucleotide; acyclic 
3,5-dihydroxypentyl nucleotide, 3 -3'-inverted nucleotide moiety; 3'-3'-inverted abasic 
moiety; 3 -2 -inverted nucleotide moiety; 3-2 -inverted abasic moiety; 1,4-butanediol 
phosphate; 3'-phosphoramidate; hexylphosphate; aminohexyl phosphate; 3'-phosphate; 

1 5 3 -phosphorothioate; phosphorodithioate; or bridging or non-bridging methylphosphonate 
moiety. 

Non-limiting examples of the 3*-cap include, but are not limited to, glyceryl, inverted 
deoxy abasic residue (moiety), 4*, 5 -methylene nucleotide; l-(beta-D-ery1hrofuranosyl) 
nucleotide; 4-thio nucleotide, carbocyclic nucleotide; 5-amino-alkyl phosphate; 

20 l,3-diamino-2-propyl phosphate; 3-aminopropyl phosphate; 6-aminohexyl phosphate; 
1,2-aminododecyl phosphate; hydroxypropyl phosphate; 1,5-anhydrohexitol nucleotide; 
L-nucleotide; alpha-nucleotide; modified base nucleotide; phosphorodithioate; 
lAreo-pentofiiranosyl nucleotide; acyclic 3',4-seco nucleotide; 3,4-dihydroxybutyl 
nucleotide; 3,5-dihydroxypentyl nucleotide, 5 -S'-inverted nucleotide moiety 5 -S -inverted 

25 abasic moiety; 5'-phosphoramidate; 5'-phosphorothioate; 1,4-butanediol phosphate; 
5*-amino; bridging and/or non-bridging 5 -phosphoramidate, phosphorothioate and/or 
phosphorodithioate, bridging or non bridging methylphosphonate and 5*-mercapto moieties 
(for more details see Beaucage and Iyer, 1993, Tetrahedron 49, 1925; incorporated by 
reference herein). 

30 By the term "non-nucleotide" is meant any group or compound which can be 

incorporated into a nucleic acid chain in the place of one or more nucleotide units, 
including either sugar and/or phosphate substitutions, and allows the remaining bases to 
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exhibit their enzymatic activity. The group or compound is abasic in tfiat it does not 
contain a commonly recognized nucleotide base, such as adenosine, guanine, cytosine, 
uracil or thymine and therefore lacks a base at the 1 -position. 

By "nucleotide" as used herein is as recognized in the art to include natural bases 
S (standard), and modified bases well known in tfie art. Such bases are generally located at 
the r position of a nucleotide sugar moiety. Nucleotides generally comprise a base, sugar 
and a phosphate group. The nucleotides can be unmodified or modified at the sugar, 
phosphate and/or base moiety, (also referred to interchangeably as nucleotide analogs, 
modified nucleotides, non-natural nucleotides, non-standard nucleotides and other, see, for 
10 example, Usmari and McSwiggen, supra; Eckstein et aL, International PCT Publication No. 
WO 92/07065; Usman et aL, International PCT Publication No. WO 93/15187; Uhhnan & 
Peyman, supra, all are hereby incorporated by reference herein). There are several 
examples of modified nucleic acid bases known in the art as summarized by Limbach et aL, 
1994, Nucleic Acids Res. 22, 2183. Some of the non-limiting examples of base 
15 modifications that can be introduced into nucleic acid molecules include, inosine, purine, 
pyridin-4-one, pyridin-2-one, phenyl, pseudouracil, 2, 4, 6-trimethoxy benzene, 3-methyl 
uracil, dihydrouridine, naphthyl, aminophenyl, 5-alkylcytidines (e.g., 5-methylc3rtidine), 

5- alkyluridines ribothymidine), 5-halouridine (e.g., 5-bromouridine) or 

6- azapyrimidines or 6-alkyIpyrimidines (e.g., 6-methyluridine), propyne, and ofliers 
20 (Burgm et aL, 1996, Biochemistry y 35, 14090; Uhlman & Peyman, supra). By "modified 

bases" in this aspect is meant nucleotide bases other than adenine, guanine, cytosine and 
uracil at 1* position or their equivalents. 

In one embodiment, the invention features modified siNA molecules, with phosphate 
backbone modifications comprising one or more phosphorothioate, phosphonoacetate, 
25 and/or tfaiophosphonoacetate, phosphorodithioate, methylphosphonate, phosphotriester, 
morpholino, amidate carbamate, carboxymethyl, acetamidate, polyamide, sulfonate, 
sulfonamide, sulfamate, formacetal, tfaioformacetal, and/or alkylsilyl, substitutions. For a 
review* of oligonucleotide backbone modifications, see Huimker and Leumann, 1995, 
Nucleic Acid Analogues: Synthesis and Properties, in Modem Synthetic Methods, VCH, 
30 33 1 -4 1 7, and Mesmaeker et aL, 1 994, Novel Backbone Replacements for Oligonucleotides, 
in Carbohydrate Modifications in Antisense Research, ACS, 24-39. 
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By "abasic** is meant sugar moieties lacking a base or having other chemical groups 
in place of a base at the 1' position, see for example Adamic et aL, U.S. Pat No. 5,998,203. 

By "unmodified npcleoside" is meant one of the bases adenine, cytosine, guanine, 
fiiymine, or uracil joined to the 1* carbon of p-D-ribo-fiiranose. 



modification in the chemical stmcture of an unmodified nucleotide base, sugar and/or 
phosphate. Non-limiting examples of modified nucleotides are shown by Formulae I-Vn 
and/or other modifications described herein. 

In connection with 2 -modified nucleotides as described for the present invention, by 
10 "amino** is meant 2'-NH2 or 2*-0- NH2, which can be modified or unmodified. Such 
modified groups are described, for example, in Eckstein et al,, U.S. Pat. No. 5,672,695 and 
Matulic-Adamic et aL, U.S. Pat No. 6,248,878, which are bolfa incorporated by reference 
in their entireties. 



15 utility of these molecules. Such modifications will enhance shelf-life, half-life in vitro, 
stability, and ease of introduction of such oligonucleotides to the target site, e.g., to enhance 
penetration of cellular membranes, and confer the ability to recognize and bind to targeted 
cells. 

Administration of Nucleic Acid Molecules 

20 A siNA molecule of tfie invention can be adapted for use to treat any disease, 

infection or condition associated with gene expression, and other indications that can 
respond to the level of gene product in a cell or tissue, alone or in combination with other 
therapies. Non*limiting examples of such diseases and conditions include cancer or 
cancerous disease, infectious disease, cardiovascular disease, neurologic disease, ocular 

25 disease, prion disease, inflammatory disease, autoimmune disease, pulmonary disease, 
renal disease, liver disease, mitochondrial disease, endocrine disease, reproduction related 
diseases and conditions as are known in the art, and any other indications that can respond 
to the level of an expressed gene product in a cell or organsim (see for example McSwiggen, 
International PCT Publication No. WO 03/74654). For example, a siNA molecule can 



By "modified nucleoside" 



is meant any nucleotide base which contains a 



Various modifications to nucleic acid siNA stmcture can be made to enhance the 
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comprise a deliveiy vehicle, including liposomes, for administration to a subject, carriers 
and diluents and their salts, and/or can be present in pharmaceutically acceptable 
formulations. Methods for the delivery of nucleic acid molecules are described in Akhtar et 
aL, 1992, Trends Cell Bio., 2, 139; Delivery Strategies for Antisense Oligonucleotide 
5 Therapeutics, ed. Akhtar, 1995, Maurer et aL, 1999, Mol. Membr, Biol, 16, 129-140; 
Hofland and Huang, 1999, Handb. Exp. Pharmacol, 137, 165-192; and Lee et al, 2000, 
vies Symp, Ser., 752, 184-192, all of which are incorporated herein by reference. 
Beigehnan et^l, U.S. Pat No. 6,395,713 and Sullivan et al, PCX WO 94/02595 further 
describe the general methods for delivery of nucleic acid molecules. These protocols can 
10 be utilized for the delivery of virtually aiqr nucleic acid molecule. Nucleic acid molecules 
can be admiriistered to cells by a variety of mefliods known to those of skill in the art, 
including, but not restricted to, encapsulation in liposomes, by iontophoresis, or by 
incorporation into other" vehicles, such as biodegradable polymers, hydrogels, 
cyclodextrins (see for example Gonzalez et al, 1999, Bioconjugate Chem., 10, 1068-1074; 
15 Wang et al. International PCT pubKcation Nos. WO 03/47518 and WO 03/46185), 
po]y(lactic-co-glycolic)acid (PLGA) and PLCA microspheres (see for example US Patent 
6,447,796 and US Patent AppKcation PubKcation No. US 2002130430), biodegradable 
nanocapsules, and bioadhesive microspheres, or by proteinaceous vectors (OUare and 
Noimand, International PCT Publication No. WO 00/53722). In one embodiment, nucleic 
20 acid molecules or the invention are administered via biodegradable implant materials, such 
as elastic shape mdmory polymers (see for example Lendelein and Langer, 2002, Science, 
296, 1673). In another embodiment, the nucleic acid molecules of the invention can also be 
formulated or complexed wiA polyefhyleneimine and derivatives thereof, such as 
polyethyleneimine-polyetfayleneglycol-N--acetylgalactosainine ^EI-PEG-GAL) or 
25 polyethyleneimine-polyetlQrleneglycol-triTN-acetylgalactosamine (PEI-PEG-triGAL) 
derivatives. Alternatively, the nucleic acid/vehicle combination is locally delivered by 
direct injection or by use of an infusion punq). Direct injection of the nucleic acid 
molecules of the invention, whether subcutaneous, intramuscular, or intradermal, can take 
place using standard needle and syrin^ mefliodologies, or by needle-fiee technologies 
30 such as those described in Conry et al, 1999, Clin, Cancer Res., 5, 2330-2337 and Barry et 
al, Intraiational PCT Publication No. WO 99/31262. Many examples in tiie art describe 
CNS delivery methods of oligonucleotides by osmotic pump, (see Chun et al, 1998, 
Neuroscience Letters, 257, 135-138, D'Aldin et al, 1998, Mol Brain Research, 55, 
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151-164, Dryden et al, 1998, J. Endocrinol. 157, 169-175, Ghiniikar et aL, 1998, 
Neuroscience Letters, 247, 21-24) or ditect infusion ^roaddus et al, 1997, Neurosurg. 
Focus, 3, article 4). Other routes of delivery include, but are not limited to oral (tablet or 
pill form) and/or intrafliecal delivery (Gold, 1997, Neuroscience, 76, 1153-1158). More 
5 detailed descriptions of nucleic acid delivery and administcation are provided in Sullivan et 
al, supra. Diaper et al, PCX W093/23569, Beigelman et al, PCX WO99/05094, and 
Klimuk et al, PCX WO99/04819 all of whicli have been incorporated by reference herein. 
Xhe molecules of the instant invention can be used as pharmaceutical agents. 
Pharmaceutical agents prevent, modulate the occurrence, or treat (alleviate a symptom to 
10 some extent, preferably all of the symptoms) of a disease state in a subject. 

In addition, die invention features the use of mefliods to deliver the nucleic acid 
molecules of tiie instant invention to the central nervous system and/or peripheral nervous 
system. E3q>eriments have demonstrated the efiBcient in vivo uptake of nucleic acids by 
neurons. As an example of local administration of nucleic acids to nerve cells, Sonamer et 
15 al, 1998, Antisense Nuc. Acid Drug Dev., 8, 75, describe a study in which a 15mer 
phosphorothioate antisense nucleic acid molecule to c-fos is administered to rats via 
microinjection into the brain. Antisense molecules labeled with 

tetramethylrhodamine-isothiocyanate (TRIXC) or fluorescein isothiocyanate (FIXC) were 
taken up by exclusively by neurons thirty minutes post-injection. A diffuse cytoplasmic 
20 staining and nuclear staining was observed in these cells. As aii example of systemic 
administration of nucleic acid to nerve cells, Epa et al, 2000, Antisense Nuc, Acid Drug 
Dev., 10, 469, describe an in vivo mouse study in which 
beta-cyclodextrin-adamantaneHoligonucleotide conjugates were used to target the p75 
neurotrophin receptor in neuronally differentiated PC12 cells. Following a two week 
25 course of IP administration, pronounced uptake of p75 neurotrophin receptor antisense was 
observed in dorsal root ganglion (DRG) cells. In addition, a marked and consistent 
down-regulation of p75 was observed in DRG neurons. Additional approaches to the 
targeting of nucleic acid to neurons are described in Broaddus et al, 1998, J. Neurosurg., 
88(4), 734; Karle era/., l997,Eur. J. Pharmocol, 340(2/3), 153;Bannaie/a/., 1998,J3ram 
30 Research, 784(1,2), 304; Rajakumar et al, 1997, Synapse, 26(3), 199; Wu-pong et al, 
1999, BioPharm, 12(1), 32; Bannai et al, 1998, Brain Res. Protoc, 3(1), 83; Simantov et 
al, 1996, Neuroscience, 74(1), 39. Nucleic acid molecules of the invention are therefore 
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amenable to delivery to and uptake by cells that express repeat expansion allelic variants 
for modulation of RE gene expression. The delivery of nucleic acid molecules of the 
invention, targeting RE is provided by a variety of different strategies. Traditional 
approaches to CNS delivery that can be used include, but are not limited to, intialfaecal and 
S intracerebroventricular administration, implantation of catheters and pumps, direct 
injection or perfusion at the site of injury or lesion, injection into tiie brain arterial system, 
or by chemical or osmotic opening of tfie blood-brain barrier. Other iq[yproaches can 
include Ae use of various transport and carrier systems, for example though fhe use of 
conjugates and biodegradable polymers. Furttiermore, gene therapy approaches^ for 
10 example as described in Kaplitt etal., US 6,180,613 and Davidson, WO 04/013280, can be 
used to express nucleic acid molecules in the CNS. 

In addition, flie invention features tiie use of methods to deliver the nucleic acid 
molecules of the instant invention to hematopoietic cells, including monocytes and 
lymphocytes. These methods are described in detail by Hartmann et aL, 1 998, J. Phamacol 
15 JB??. Ther., 285(2), 920-928; Kronenwett et aL, 1998, Blood, 91(3), 852-862; Filion and 
Phillips, 1997, Biochim. Biophys. Acta,, 1329(2), 345-356; Ma and Wei, 1996, Leuk. Res., 
20(11/12), 925-930; and Bongartz et aL, 1994, Nucleic Acids Research, 22(22), 4681-8. 
Such methods, as described above, include the use of free oligonucleitide, cationic lipid 
formulations, liposome formulations including pH sensitive liposomes and 
. 20 immunoliposomes, and bioconjugates including oligonucleotides conjugated to fiisogenic 
p^tides, for the transfection of hematopoietic cells with oligonucleotides. 

In one embodiment, a compound, molecule, or composition for the treatment of 
ocular conditions (e.g., macular degen^tion, diabetic retinopathy etc.) is administeted to a 
subject intraocularly or by intraocular means. In another embodiment, a conq>ound, 
25 molecule, or composition for the treatment of ocular conditions (e.g., macular degeneration, 
diabetic retinopathy etc.) is administered to a subject periocularly or by periocular means 
(see for example Ahlheim et al.. International PCT publication No. WO 03/24420). Li one 
embodiment, a siNA molecule and/or formulation or composition thereof is administered 
to a subject intraocularly or by intraocular means. In another embodiment, a siNA 
30 molecule and/or formualtion or composition thereof is administered to a subject 
periocularly or by periocular means. Periocular administration generally provides a less 
invasive approach to administering siNA molecules and formualtion or composition 
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thereof to a subject (see for example AWheim et al.. International PCT publication No. WO 
03/24420). The use of periocular administraction also minimizes the risk of retinal 
detachment, allows for more frequent dosing or administraction, provides a clinically 
relevant route of administraction for macular degeneration and other optic conditions, and 
5 also provides the possiblilty of using resevoirs (e.g., implants, pumps or other devices) for 
drug delivery. 

la one embodiment, the siNA molecules of the invention and formulations or 
compositions thereof are administered directly or topically (e.g.» locally) to the dermis or 
follicles as is generally known in the art (see for example Brand, 2001, Curr. Opin, MoL 
10 Ther., 3, 244-8; Regnier ei al., 1998, J. Drug Target, 5, 275-89; Kanikkannan, 2002, 
BioDrugs, 16, 339-47; Wrai^t et al, 2001, Pharmacol Then, 90, 89-104; and Preat and 
Dujaidin,2001, STP PharmaSciences, 11, 57-68. 



In one embodiment, dermal delivery systems of the invention include, for example, 
aqueous and nonaqueous gels, creams, multiple emulsions, microemulsions, liposomes, 
15 ointments, aqueous and nonaqueous solutions, lotions, aerosols, hydrocarbon bases and 
powders, and can contain excipients such as solubilizers, permeation enhancers (e.g., fatty 
acids, fatty acid esters, fatty alcohols and amino acids), and hydrophilic polymers (e.g., 
polycarbophil and polyvinylpyrolidone). In one embodiment, the pharmaceutically 
acceptable carrier is a liposome or a transdermal enhancer. Examples of liposomes which 
^-'-^ • 20 r can be used in fliis invention include.the following: (i) CellFectin, 1:1.5 (M/M) liposome . 



formulation of die cationic lipid N,M,Nn,Nm-tetramethyl-N,NIJW,hnn-tetr^p^^ 
y-spermine and dioleoyl phosphatidyletfaanolamine (DOPE) (GIBCO BRL); (2) Cytofectin 
GSV, 2:1 (M/M) liposome formulation of a cationic lipid and DOPE (Glen Research); (3) 



25 (Boehringer Manheim); and (4) Lipofectamine, 3:1 (M/M) liposome formulation of the 
polycationic lipid E>OSPA and flie neutral lipid DOPE (GIBCO BRL). 

In one embodiment, transmucosal delivery systems of the invention include patches, 
tablets, suppositories, pessaries, gels and creams, and can contain excipients such as 
solubilizers and enhancers (e.g., propylene glycol, bile salts and amino acids), and other 
30 vehicles (e.g., polyethylene glycol, fatty acid esters and derivatives, and hydrophilic 
polymers such as hydroxypropylmetfaylcellulose and hyaluronic acid). 



DOTAP 



(N-[l-(2,3-dioleoyloxy)-N,NJ^-tri-methyl-ammoniunmxethylsulfete) 
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In one embodiment, nucleic acid molecules of the invention are administered to the 
central nervous system (CNS) or peripheral nervous system (PNS). Experiments have 
demonstrated the efficient in vivo uptake of nucleic acids by neurons. As an example of 
local administration of nucleic acids to nerve cells, Sommer et al, 1998, Antisense Nuc. 

5 Acid Drug Dev„ 8, 75, describe a study in which a ISmer phosphorofhioate antisense 
nucleic acid molecule to c-fos is administered to rats via microinjection into the brain. 
Antisense molecules labeled with tetramethykhodamine-isotiiiocyanate (ITUTC) or 
fluorescein isothiocyanate (FITC) were taken up by exclusively by neurons thirty minutes 
post-injection. A diffuse cytoplasmic staining and nuclear staining was observed in these 

10 cells. As an example of systemic administration of nucleic acid to nerve cells, Epa et ah, 
2000, Antisense Nuc. Acid Drug Dev., 10, 469, describe an in vivo mouse study in which 
beta-cyclodextrin-adamantane-oligonucleotide conjugates were used to target the p7S 
neuiotrophin receptor in neuronally differentiated PC12 cells. Following a two week 
course of IP administration, pronounced uptake of p75 neurotrophin receptor antisense was 

IS observed in dorsal root ganglion (DRG) cells. In addition, a marked and consistent 
down-regulation of p75 was observed in DRG neurons. Additional approaches to the 
targeting of nucleic acid to neurons are described in Broaddus et al, 1998, J. Neurosurg., 
88(4), 734; Karlee/ai, 1997,Eur. J. Pharmacol., 340{2/3% 153;Bannaie/a/., 199S,Brain 
Research, 784(1,2), 304; Rajakumar et al., 1997, Synapse, 26(3), 199; Wu-pong et al, 

20 1999, BioPhamiy 12(1), 32; Bannai et al., 1998, Brain Res. Protoc., 3(1), 83; Shnantov et 

: / \ " al.,^1996, Neuro$ciendei 74(1), 39. Nucleic acid molecules bf the invention are tfaibreifore 
amenable to delivery to and uptake by cells in the CNS and/or PNS. 

The delivery of nucleic acid molecules of die invention to the CNS is provided by a 
variety of different strategies. Traditional approaches to CNS delivery that can be used 

25 include, but are not limited to, intrathecal and intracerebroventricular administration, 
implantation of catheters and pumps, direct injection or perfusion at the site of injury or 
lesion, injection into the brain arterial system, or by chemical or osmotic opening of the 
blood-brain barrier. Other approaches can include the use of various transport and carrier 
systems, for example though the use of conjugates and biodegradable polymers. 

30 Furthermore, gene therapy approaches, for example as described in Kaplitt et al, US 
6,180,613 and Davidson, WO 04/013280, can be used to express nucleic acid molecules in 
the CNS. 
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In one embodiment, the nucleic acid molecules of the invention are adnunistered via 
pulmonary delivery, such as by inhalation of an aerosol or spray dried formulation 
administered by an inhalation device or nebulizer, providing rapid local uptake of flie 
nucleic acid molecules into relevant pulmonary tissues. Solid particulate compositions 
5 containing respirable dry particles of micronized nucleic acid compositions can be 
prepared by grinding dried or lyophilized nucleic acid compositions, and tiien passing tfie 
micronized composition flurough, for exanq[>le, a 400 mesh screen to break up or separate 
out large agglomerates. A solid particulate composition comprising the nucleic acid 
compositions of the invention can optionally contain a dispersant which serves to feciKtate 
10 the formation of an aerosol as well as otiier tiierapeutic compounds. A suitable dispersant 
is lactose, which can be blended wifli the nucleic acid compound in any suitable ratio, such 
as a 1 to 1 ratio by weight 

Aerosols of liquid particles comprising a nucleic acid composition of the invention 
can be produced by any suitable means, such as with a nebulizer (see for example US 
15 4,501,729). Nebulizers are commercially available devices which transform solutions or 
suspensions of an active ingredient into a tiierapeutic aerosol mist either by means of 
acceleration of a compressed gas, typically air or oxygen, tinrough a narrow venturi orifice 
or by means of ultrasonic agitation. Suitable formulations for use in nebulizers comprise 
the active ingredient in a liquid carrier in an amount of up to 40% w/w preferably less flian 
20 20% w/w of tiie formulation. The carrier is typically water or a dijute aqueous^^cohol^c 
solution, preferably made isotonic witii body fluids by the addition of, for example, sodium 
chloride or other suitable salts. Optional additives include preservatives if tfie formulation 
is not prepared sterile, for example, methyl hydroxybenzoate, anti-oxidants, flavorings, 
volatile oils, buffering agents and emulsifiers and other formulation surfactants. The 
25 aerosols of solid particles comprising the active composition and surfactant can likewise be 
produced with any solid particulate aerosol generator. Aerosol generators for 
administering solid particulate therapeutics to a subject produce particles which are 
respirable, as explained above, and generate a volume of aerosol containing a 
predetermined metered dose of a therapeutic composition at a rate suitable for human 
30 administration. One illustrative type of solid particulate aerosol generator is an insufOator. 
Suitable formulations for administration by insufflation include finely comminuted 
powders which can be delivered by means of an insufflator. In the insufflator, the powder. 
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e.g., a metered dose thereof eflfective to carry out the treatments described herein, is 
contained in capsules or cartridges, typically made of gelatin or plastic, which are eiflier 
pierced or opened in situ and the powder delivered by air drawn tfarou^ flie device upon 
inhalation or by means of a manually-operated pump. The powder employed in the 
5 insufflator consists either solely of the active ingredient or of a powder blend comprising 
the active ingredient, a suitable powder diluent, such as lactose, and an optional surfactant 
The active mgredient typically comprises j&om 0.1 to 100 w/w of tfie formulation. A 
second type of illustrative aerosol generator comprises a metered dose inhaler. Metered 
dose inhalers are pressurized aerosol dispensers, ^ically containing a suspension or 
10 solution formulation of the active ingredient in a liquified propellant During use fliese 
devices discharge the formulation tiirough a valve ad^ted to deliver a metered volume to 
produce a fine particle spray containing the active ingredient. Suitable propellants include 
certain chlorofluorocarbon compounds, for example, dichlorodifluoromethane, 
tricUorofluoromethane, dicUorotetrafluoroethane and mixtures thereof. The formulation 
15 can additionally contain one or more co-solvents, for example, edianol, emulsifiers and 
other formulation sur&ctants, such as oleic acid or soxbitan trioleate, anti-oxidants and 
suitable flavoring agents. CMher methods for pulmonary delivery are described in, for 
exanq)le US Patent Application No. 20040037780, and US Patent Nos. 6,592,904; 
6,582,728; 6,565,885. 

20 In one embodiment, a siNA molecule of the invention is complexed with membrane 

dismptive agents such as those described in U.S. Patent Appliaction Publication No. 
20010007666, incorporated by reference herein in its entirety including the drawings. In 
anodier embodiment, the membrane disruptive agent or agents and the siNA molecule are 
also complexed wifli a cationic lipid or helper lipid molecule, such as those lipids described 

25 in U.S. Patent No. 6,235,310, incorporated by reference herein in its entirety including the 
drawings. 

In one embodiment, siNA molecules of the invention are formulated or complexed 
with polyethylenimine (e.g., linear or branched PEI) and/or polyefliylenimme derivatives, 
including for example grafted PEIs such as galactose PEI, cholesterol PEI, antibody 
30^ derivatized PEI, and polyefliylene glycol PEI (PEG-PEI) derivatives thereof (see for 
example Ogrise/a/., 2001, AAPA PharmSci, 3, 1-11; Furgesonetal., 2003, Bioconju^te 
Chem., 14, 840-847; Kunath et al., 2002, Phramaceutical Research, 19, 810-817; Choi et al., 
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2001, Bull. Korean Chem. Spc, 22, 46-52; Bettmger et al., 1999, Bioconjugate Chem., 10, 
558-561; Peterson et al., 2002, Bioconjugate Chem., 13, 845-854; Eibacher et al., 1999, 
Journal of Gene Medicine Preprint, 1, 1-18; Godbey et al., 1999., PNAS USA, 96, 
5177-5181; Godbeyetal., 1999, Journal of Controlled Release, 60, 149-160; Dieboldetal., 
5 1999, Journal of Biological Chemistry, 274, 19087-19094; Thomas and Klibanov, 2002, 
PNAS USA, 99, 14640-14645; and Sagara, US 6,586,524, incorporated by reference 
herein. 

In one embodiment, a siNA molecule of the inventlGn comprises a bioconjugate, for 
example a nucleic acid conjugate as described in Vargeese et al., USSN 10/427,160, filed 
10 April 30, 2003; US 6,528,631; US 6,335,434; US 6, 235,886; US 6,153,737; US 5,214,136; 
US 5,138,045, all incorporated by reference herein. 

Thus, the invention features a pharmaceutical composition comprising one or more 
nucleic acid(s) of the invention in an acceptable carrier, such as a stabilizer, buffer, and the 
like. The polynucleotides of the invention can be administered (e.g:, RNA, DNA or 
15 protein) and introduced into a subject by any standard means, with or wifliout stabilizers, 
buffers, and the like, to form a pharmaceutical composition. When it is desired to use a 
liposome delivery mechanism, standard protocols for formation of liposomes can be 
followed. The compositions of the present invention can also be formulated and used as 
tablets, capsules or elixirs for oral administration, suppositories for rectal administration, 
20 sterile solutions, suspensions for injectable administration, and the other compositions 
known in the art. 

The present invention also includes pharmaceutically acceptable formulations of tiie 
compounds described. These formulations include salts of the above compounds, e.g. , acid 
addition salts, for example, salts of hydrochloric, hydrobromic, acetic acid, and benzene 
25 sulfonic acid 

A pharmacological composition or formulation refers to a composition or 
formulation in a form suitable for administration, e.g., systemic administratioii, into a cell 
or subject, including for example a human. Suitable forms, in part, depend upon the use or 
the route of entry, for example oral, transdermal, or by injection. Such forms should not 
30 prevent the composition or formulation fix>m reaching a target cell , a cell to which the 
negatively charged nucleic acid is desirable for delivery). For example, pharmacological 
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compositions injected into the blood stream should be soluble. Other factors are known in 
the art, and include considerations such as toxicity and forms fliat prevent the composition 
or formulation firom exerting its effect. 

By "systemic administration" is meant in vivo systemic absorption or accumulation 
5 of drugs in the blood stream followed by distribution throughout tiie entire body. 
Administration routes that lead to systemic absorption include, without limitation: 
intcavenous, subcutaneous^ intraperitoneal, inhalation, oral, intrapuhnonaiy and 
intramuscular. Each of Ifaese administration routes exposes the siNA molecules of the 
invention to an accessible diseased tissue. The rate of entry of a drug into the circulation 
10 has been shown to be a function ofmolecular weight or size. The use of a liposome or other 
drug carrier conq>rising the compounds of the instant invention can potentially localize the 
drug, for example, in certain tissue types, such as the tissues of tiie reticular endothelial 
system ORES). A liposome formulation that can &cilitate the association of drug witii the 
surface of cells, such as, lymphocytes and macrophages is also useful. This approach can 
1 5 provide enhanced delivery of the drug to target cells by taking advantage of the specificity 
of macrophage and lymphocyte immune recognition of abnormal cells, such as cancer 
cells. 

By "pharmaceutically acceptable formulation" is meant a composition or formulation 
that allows for the effective distribution of tiie nucleic acid molecules of the instant 

20 . invention in tiie physical location most suitable for their desired activity. N'on-limitinjg 
examples of agents suitable for formulation with the nucleic acid molecules of tiie instant 
invention include: P-glycoprotein inhibitors (such as Pluronic P85); which can enhance 
entry of dmgs mto the CNS (Jolliet-Riant and Tillement, 1999, Funddnt. Clin. Pharmacol.^ 
13, 16-26); biodegradable polymers, such as poly (DL-lactide-coglycolide) microspheres 

25 for sustained release delivery after intracerebral implantation (Emerich, DF et a/, 1999, 
Cell Transplant 8, 47-58) (Alkermes, Inc. Cambridge, MA); and loaded nanoparticles, 
such as those made of polybutylcyanoacrylate, which can deliver dmgs across tiie blood 
brain barrier and can alter neuronal uptake mechanisms {Prog Neuropsychopharmacol Biol 
Psychiatry^ 23, 941-949, 1999). Other non-limiting examples of delivery strategies for the 

30 nucleic acid molecules of the instant invention include material described in Boado et aL, 
1998, J. Pharm. Set, 87. 1308-1315; Tyler et al, 1999, FEBS Lett, 421, 280-284; 
Pardridge et al. 1995, PNAS USA.. 92, 5592-5596; Boado, 1995, Adv. Drug Delivery Rev., 
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15, 73-107; Aldrian-Herrada et al.. 1998, Nucleic Acids Res.. 26, 4910-4916; and Tyler et 
al. 199% PNAS USA., 96, 7053-7058. 

The invention also featuies the use of fhe composition comprising sur&ce-modified 
liposomes containing poly (ethylene glycol) lipids (PEO-modified, or long-circulating 
5 liposomes or stealth liposomes). These formulations offer a method for mcreasing fhe 
accumulation of drugs in target tissues. This class of drug carriers resists opsonization and 
elimination by the mononuclear phagocytic system (MPS or RES), thereby enabling long^ 
blood circulation times and enhanced tissue exposure for fhe encapsulated drug ^^ic et al. 
Chem.Rev. 1995, 95, 2601-2627; Ishiwatacrcr/., Chem. Pharm. Bull 1995,43, 1005-1011). 
10 Such liposomes have been shown to accumulate selectively in tumors, presumably by 
extravasation and capture in fhe neovascularized target tissues (Lasic et al. Science 1995, 
267, 1275-1276; Oku et a/., 1995, Biochim. Biophys. Acta, 1238, 86-90). The 
long-circulating liposomes enhance the pharmacokinetics and pharmacodynamics of DNA 
and RNA, particularly compared to conventional cationic liposomes which are known to 
15 accumulate in tissues of the MPS (Liu et al, J. Biol Chem. 1995, 42, 24864-24870; Choi et 
al.. International PCT Publication No. WO 96/10391; Ansell et al, Intemational PCT 
Publication No. WO 96/10390; Holland et al, Intemational PCT Publication No. WO 
96/10392). Long-circulating liposomes are also likely to protect drugs from nuclease 
degradation to a greater extent compared to cationic liposomes, based on &eir ability to 
• 20 avoid .accumulation in metabolicaUy aggressive MPS tissues such as the liver and spleen. 

The present invention also includes compositions prepared for storage or 
administration that include a pharmaceutically efTective amount of fhe desircd conq>ounds 
in a pharmaceutically acceptable carrier or diluent Acceptable carriers or diluents for 
therapeutic use arc well known in fhe pharmaceutical art, and are described, for example, in 
25 Remington's Pharmaceutical Sciences, Mack Publishing Co. (A.R. Gennaro edit 1985), 
hercby incorporated by reference herein. For example, preservatives, stabilizers, dyes and 
flavoring agents can be provided. These include sodimn benzoate, sorbic acid and esters of 
j7-hydroxybenzoic acid In addition, antioxidants and suspending agents can be used. 

A pharmaceutically effective dose is that dose required to prevent, inhibit the 
30 occurrence, or treat (alleviate a symptom to some extent, preferably all of the symptoms) of 
a disease state. The pharmaceutically effective dose depends on fhe type of disease, the 
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composition used. Hie route of administration, flie type of mammal being treated, tiie 
physical characteristics of the specific mammal under consideration, concurrent 
medication, and other factors that those skilled in the medical arts will recognize. 
Generally, an amount between 0.1 mg/kg and 100 mg/kg body weight/day of active 
5 ingredients is administered dependent upon potency of the negatively charged polymer. 

The nucleic acid molecules of the invention and formulations thereof caiL be 
administered orally, topically, parenterally, by inhalation or spray,, or rectally in dosage unit 
formulations containing conventional non-toxic pharmaceutically acceptable carriers, 
adjuvants and/or vehicles. The term parenteral as used herein includes percutaneous, 
10 subcutaneous, intravascular (eg., intravenous), intramuscular, or intrathecal injection or 
infusion techniques and tiie like. In addition, there is provided a pharmaceutical 
formulation comprising a nucleic acid molecule of the invention and a pharmaceutically 
acceptable carrier. One or more nucleic acid molecules of flie invention can be present in 
association with one or more non-toxic pharmaceutically acceptable carriers and/or 
15 diluents and/or adjuvants, and if desired other active ingredients. The pharmaceutical 
compositions containing nucleic acid molecules of the invention can be in a form suitable 
for oral use, for example, as tablets, troches, lozenges, aqueous or oily suspensions, 
dispersible powders or granules, emulsion, hard or soft capsules, or syrups or elixirs. 

Compositions intended for oral use can be prepared according to aay method known 
- 20 ' to the art fiur flie manufacture pf pharmaceutical compositions and such compositions can 
contein one or more such sweetening agCTts, flavoring agents, coloring agents or 
preservative agents in order to provide pharmaceutically elegant and palatable preparations. 
Tablets contain the active ingredient in admixture with iion-toxic pharmacevtidEilly 
acceptable excipients that are suitable for the manufacture of tablets. These excipients can 
25 be, for example, inert diluents; such as calcium carbonate, sodium carbonate, lactose, 
calcium phosphate or sodium phosphate; granulating and disintegrating agmts, for 
example, com starch, or alginic acid; binding agents, for example starch, gelatin or acacia; 
and lubricating agents, for example magnesium stearate, stearic acid or talc. The tablets 
can be uncoated or they can be coated by known techniques. In some cases such coatings 
30 can be prepared by known techniques to delay disintegration and absorption in the 
gastrointestinal tract and thereby provide a sustained action over a longer period. For 
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example, a time delay material such as glyceryl monosterate or glyceryl distearate can be 
employed. 

Formulations for oral use can also be presented as hard gelatin capsules wherein the 
active ingredient is mixed with an inert solid diluent, for example, calcium carbonate, 
5 calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredimt is 
mixed wifli water or an oil medium, for example peanut oil, liquid paraffin or olive oil. 

Aqueous suspensions contain the active materials in a mixture with excipients 
suitable for the manufacture of aqueous suspensions. Such excipients are suspending 
agents, for example sodium carboxymefhylcellulose, melfaylcellulose, 
10 hydropropyl-methylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and 
gum acacia; dispersing or wetting agents can be a naturally-occurring phosphatide, for 
example, lecithin, or condensation products of an alkylene oxide with fatty acids, for 
example polyoxyethylene stearate, or condensation products of ethylene oxide with long 
chain aliphatic alcohols, for example heptadecaethyleneoxycetanol, or condensation 
1 5 products of ethylene oxide witib partial esfers derived from fatty acids and a hexitol such as 
polyoxyethylene sorbitol monooleate, or condensation products of ethylene oxide with 
partial esters derived from fatty acids and hexitol anhydrides, for example pofyelhylene 
sorbitan monooleate. The aqueous suspensions can also contain one or more preservatives, 
for example ethyl, or n-propyl p-hydroxybenzoate, one or more coloring agents, one or 
20 . • more flavoring ageiits, and one or more sweetening agents, such as sucrose or saccharin. 

Oily suspensions can be formulated by suspending the active ingredients in a 
vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil 
such as liquid paraffin. The oily suspensions can contain a thickening agent, for example 
beeswax, hard paraffin or cetyl alcohol. Sweetening agents and flavoring agents can be 
25 added to provide palatable oral preparations. These compositions can be preserved by the 
addition of an anti-oxidant such as ascorbic acid 

IHspersible powders and granules suitable for preparation of an aqueous suspension 
by the addition of water provide the active ingredient in admixture witib a dispersing or 
wetting agent, suspending agent and one or more preservatives. Suitable dispersing or 
30 wetting agents or suspending agents are exemplified by those aheady mentioned above. 
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Additional excipients, for example sweetenings flavoring and coloring agents, can also be 
presient 

Pharmaceutical compositions of the invention can also be in the form of oil-in-water 
emulsions. The oily phase can be a vegetable oil or a mineral oil or mixtuies of these. 
5 Suitable emulsifying agents can be naturally-occuiring gums, for example gum acacia or 
gum tragacanth, naturally-occurring phosphatides, for example soy bean, lecithin, and 
esters or partial esters derived from &tty acids and hexitol, anhydrides, for example 
soibitan monooleate, and condensation products of tilie said partial esters with ethylene 
oxide, for example polyoxyefhylene soibitan monooleate. The emulsions can also contain 
10 sweetening and flavoring agents. 

Syrups and elixirs can be formulated with sweetening agents, for example glycerol, 
propylene glycol, sorbitol, glucose or sucrose. Such formulations can also contain a 
demulcent, a preservative and flavoring and coloring agents. The pharmaceutical 
compositions can be in the form of a sterile injectable aqueous or oleaginous suspension. 
15 This suspension can be fonnulated according to the known art using those suitable 
dispersing or wetting agents and suqiending agents that have been mentioned above. The 
sterile injectable preparation can also be a sterile injectable solution or suspension in a 
non-toxic parentally acceptable diluent or solvent, for example as a solution in 
1,3-butanediol. Among flie acceptable vehicles and solvents that can be employed are 
r^O . : Waiter, Ringei^s solution and isotonic sodium chloride solution. In addition, sterile, fi^ed 
oils are conventionally employed as a solvent or suspending medium. For this puipose, any 
bland fixed oil can be employed including sjmthetic mono-or diglycerides. In addition, 
fatty acids such as oleic acid find use in the preparation of injectables. 

The nucleic acid molecules of Ae invention can also be administered in the form of 
25 suppositories, e.g., for rectal administration of the drug. These compositions can be 
prepared by mixing the drug with a suitable non-irritating excipient that is solid at ordinary 
temperatures but liquid at the rectal temperature and will therefore melt in the rectum to 
release the drug. Such materials include cocoa butter and polyethylene glycols. 

Nucleic acid molecules of the invention can be administered parenterally in a sterile 
30 medium. The drug, depending on the vehicle and concentration used, can either be 
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suspended or dissolved in flie vehicle. Advantageously, adjuvants such as local anesttietics, 
preservatives and bufifering agents can be dissolved in the vehicle. 

Dosage levels of the order of from about 0.1 mg to about 140 mg per kilogram of 
body weight per day are useful in the treatment of the above-indicated conditions (about 0.5 
5 mg to about 7 g per subj ect per day). The amount of active ingredient that can be combined 
with the carrier materials to produce a single dosage form varies depending upon the host 
treated and the particular mode of administration. Dosage unit forms generally contain 
between from about 1 mg to about 500 mg of an active ingredient. 

It is understood that the specific dose level for any particular subject depends upon a 
10 variety of &ctors including the activity of tiie specific compound employed, tiie age, body 
weight, general health, sex, diet, time of administration, route of administration, and rate of 
excretion, drag combination and tiie severity of the particular disease undergoing tiierapy. 

For administration to non-himian animals, the composition can also be added to tiie 
animal feed or drinking water. It can be convenient to formulate the animal feed and 
15 drinking water compositions so that the animal takes in a therapeutically appropriate 
quantity of the composition along with its diet. It can also be convenient to present the 
composition as a premix for addition to the feed or drinking water. 

The nucleic acid molecules of the preset invention can also be administered to a 
/...i^lject in conibination. witii other dseiapeutic compounds to increase the overall 
20 therapeutic effect The use of multiple compounds to treat an indication can increase the 
beneficial effects while reducing the presence of side effects. 

In one embodiment, the invention comprises compositions suitable for administering 
nucleic acid molecules of the invention to specific cell types. For example, the 
asialoglycoprotein receptor (ASGPr) (Wu and Wu, 1987, J. Biol Chem. 262, 4429-4432) is 
25 unique to hepatocytes and binds branched galactose-terminal glycoproteins, such as 
asialoorosomucoid (ASOR). In another example, the folate receptor is overexpressed in 
many cancer cells. Binding of such glycoproteins, synthetic glycoconjugates, or folates to 
the receptor tsdces place with an afBnity that strongly depends on the degree of branching of 
. the oligosaccharide chain, for example, triatennary stmctures are bound with greater 
30 affinity than biatenarry or monoatennary chains (Baenziger and Fiete, 1980, Cell, 22, 
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611-620; Connolly et al, 1982, J. Biol Chem,, 257, 939-945). Lee and Lee, 1987, 
Glycoconjugate J., 4, 317-328, obtained this high specificity through the use of 
N-acetyl-D-galactosamine as the carbohydrate moiety, which has higher afiRnity for the 
receptor, compared to galactose. This "clustering effect" has also been described for the 
5 binding and uptake of mamiosyl-terminating glycoproteins or glycoconjugates (Poiq[>ipom 
et al, 1981, y. Med, Chem., 24, 1388-1395). The use of galactose, galactosamine, or folate 
based conjugates to transport exogenous compounds across cell membranes can provide a 
targeted delivery approach to, for example, the treatment of liver disease, cancers of the 
liver, or other cancers. The use of bioconjugates can also provide a reduction in the 
10 required dose of flierapeutic compounds required for treatment Furthomoie, therapeutic 
bioavialability, pharmacodynamics, and pharmacokinetic parameters can be modulated 
through flie use of nucleic acid bioconjugates of the inventioiL Non-limiting examples of 
such bioconjugates are described in Vargeese et al., USSN 10^01,394, filed August 13, 
2001; and MatuHc-Adamic et aL, USSN 10/151,116, filed May 17, 2002. In one 
15 embodiment, nucleic acid molecules of the invention are complexed with or covalently 
attached to nan(q>articles, such as Hepatitis B virus S, M, or L evelope proteins (see for 
example Yamado et al, 2003, Nature Biotechnology, 21, 885). In one embodiment, 
nucleic acid molecules of the invention are delivered with specificity for human tumor cells, 
' specifically non-apoptotic hmnan tumor cells including for example T-cells, hepatocytes, 
20 breast carcinoma cells, ovarian carcinoma cells, melanoma cells, intestinal epithelial cells, 
prostate cells, testicular cells, non-small cell lung cancers, small cell lung cancel^ eto. 

In one embodiment, a siNA molecule of flie invention is designed or formulated to 
specifically target endoAelial cells or tumor cells. For example, various formulations and 
conjugates can be utilized to specifically target endothelial cells or tumor cells, including 
25 PEI-PEG-folate, PEI-PEG-RGD, PEI-PEG-biotin, PEI-PEG-cholesterol, and other 
conjugates known in the art that enable specific targeting to endothelial cells and/or tumor 
cells. 

Examples : 

The following are non-limiting examples showing the selection, isolation, synthesis 
30 and activity of nucleic acids of the instant invention. 
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Example 1: Tandem synthesis of siNA c onstructs 

Exemplary siNA molecules of the invention are synthesized in tandem using a 
cleavable linker, for example, a succinyl-based Uiiken Tandem synthesis as described 
herein is followed by a one-step purification process that provides RNAi molecules in high 
5 yield. This approach is highly amenable to siNA synthesis in support of high throughput 
RNAi screening, and can be readily adapted to multi-column or multi-well synthesis 
platforms. 

After completing a tandem synfliesis of a siNA oligo and its complement in which the 
5'-terminal dimefhoxytrityl (5'-0-DMT) group remains intact (trityl on synthesis), flie 
10 oligonucleotides are deprotected as described above. Following deprotection, the siNA 
sequ^ice strands are allowed to spontaneously hybridize. This hybridization yields a 
duplex in which one strand has retained the S'-O-DMT group while the complementary 
strand comprises a terminal S'-hydroxyl. The newly formed duplex behaves as a single 
molecule during routine solid-phase extraction purification (Trityl-On purification) even 
1 5 thou^ only one molecule has a dimeflioxytrityl group. Because tbo strands form a stable 
duplex, this dimethoxytrityl group (or an equivalent group, such as other trityl groups or 
other hydrophobic moieties) is all that is required to purify the pair of oligos, for example, 
by using a CI 8 cartridge. 

. Standard phosphoramidite syndesis chemistry is used up to the point of introducing 
20 a tandem linker, such as an inverted deoxy abasic succinate or glyceryl succinate linker (see 
Figure 1) or an equivalent cleavable linker. A non-limiting example of linker coupling 
conditions that can be used includes a hindered base such as diisopropylethylamiiae (DIPA) 
and/or DMAP in the presence of an activator reagent such as 
Bromotripyrrolidinophosphoniumhexaflurorophosphate (PyBrOP). After the linker is 
25 coupled, standard synthesis chemistry is utilized to complete synthesis of the second * 
sequence leaving the terminal the 5 -O-DMT intact. Following synthesis, the resulting 
oligonucleotide is deprotected according to the procedures described herein and quenched 
with a suitable buffer, for example with 50mM NaOAc or 1 .5M NH4H2CO3. 

Purification of the siNA duplex can be readily accomplished using solid phase 
30 extraction, for exanople using a Waters CIS SepPak 1 g cartridge conditioned witfi 1 column 
volume (CV) of acetonitrile, 2 CV H2O, and 2 CV SOmM NaOAc. The sample is loaded 
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41^ and then washed witihi 1 CV H2O or SOniM NaOAc. Failure sequences are eluted with 1 CV 

14% ACN (Aqueous with SOmM NaOAc and SOmM NaCl)- The colunm is then washed^ 
for example with 1 CV H2O followed by on-colunin detiitylation» for example by passmg 1 
CV of 1% aqueous trifluoroacetic acid (TFA) over the colunm, then adding a second CV of 
5 1% aqueous TFA to the colmnn and allowing to stand for approximately 10 minutes. The 
remaining TFA solution is removed and the column washed with H2O followed by 1 CV 
IM Nad and additional H2O. The siNA duplex product is then eluted, for example, using 
1 CV 20% aqueous CAN. 

Figure 2 provides an example of MALDI-TOF mass spectrometry analysis of a 
10 purified siNA construct in which each peak corresponds to the calculated mass of an 
individual siNA strand of the siNA duplex. The same purified siNA provides three peaks 
when analyzed by capillary gel electrophoresis (CGE), one peak presumably 
coiresponding to the duplex siNA, and two peaks presumably corresponding to the separate 
siNA sequence strands. Ion exchange HPLC analysis of the same siNA contract only 
15 shows a single peak. Testing of the purified siNA constract using a luciferase reporter 
assay described below demonstrated the same RNAi activity compared to siNA constructs 
generated firom separately synthesized oligonucleotide sequence strands. 

Rvftinple 2: Serum stability of chemically modified siN A constructs 

Chemical modifications were introduced into siNA constructs to determine tiie 
20 stability of fliese cohstmcts compared to native siNA oligonucleotides (containing two 
ftymidine nucleotide overhangs) in human serum. An investigation of the serum stability 
of RNA duplexes revealed that siNA constructs consisting of all RNA nucleotides 
containing two thymidine nucleotide overhangs have a half-life in serum of 15 seconds, 
whereas chemically modified siNA constructs remained stable in serum for 1 to 3 days 

25 depending on the extent of modification (see Figure 3). RNAi stability tests were 
performed by internally labeling one strand (strand 1) of siNA and duplexing with 1 .5 X the 
concentration of die complementary siNA strand (strand 2) (to insure all labeled material 
was in duplex form). Duplexed siNA constmcts were then tested for stability by incubating 
at a final concentration of 2jjM siNA (strand 2 concentration) in 90% mouse or human 

30 serum for time-points of 30sec, Imin, 5min, 30min, 90min, 4hrs lOmin, 16hrs 24min, and 
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49hrs. Time points weie run on a 15% denaturing polyaciylamide gels and analyzed on a 
phosphoimager. 

Internal labeling was x>erfonned via kinase reactions with polynucleotide kinase 
(PNK) and ^^P-y-ATP, with addition of radiolabeled phosphate at nucleotide 1 3 of strand 2, 
5 counting in ftom the 3' side. Ligation of the remaining 8-mer fragments with T4 RNA 
li^se resulted in ttie full length, 21-mer» strand 2. Duplexing of RNAi was done by adding 
appropriate concentrations of tilie siNA oligonucleotides and heating to 95^ C for Sminutes 
followed by slow cooling to room temperature. Reactions were performed by adding 100% 
serum to the siNA duplexes and incubating at 37^ C» then removing aliquots at desired 
10 time-points. Results of this study are summarized in Figure 3. As shown in the Figure 3» 
chemically modified siNA molecules have {significantly increased serum stability 
conqpared to a siNA constmct having all ribonucleotides except a 3*-terminal ditiiymidine 
(TT) modification. 

Example 3: Identification of potential siNA target sites in a nv RNA sequence 

15 The sequence of an RNA target of interest, such as a viral or human mRNA transcript, 

is screened for target sites, for example by using a computer folding algoritiun. In a 
non-limiting example, tiie sequence of a gene or RNA gene transcript derived ftom a 
database, such as Genbank, is used to generate siNA targets having complementarity to the 
taf^t Such sequences can be obtained ftom a database, or can be determined 
20 e^qperimmtally asknownintheart. Tar^t sites that are known, for example, those target 
sites determined to be efifective target sites based on studies with other nucleic acid 
molecules, for example ribozymes or antisense, or those targets known to be associated 
with a disease, condition, trait, genotype or phenotype such as tiiose sites containing 
mutations or deletions, can be used to design siNA molecules targeting those sites. Various 
25 parameters can be used to determine which sites are tiie most suitable target sites within the 
target RNA sequence. These parameters include but are not limited to secondary or tertiary 
RNA structure, the nucleotide base composition of the target sequence, the degree of 
homology between various regions of the target sequence, or the relative'position of the 
target sequence within the RNA transcript. Based on these determinations, any number of 
30 target sites within the RNA transcript can be chosen to screen siNA molecules for efficacy, 
for example by using in vitro RNA cleavage assays, cell culture, or animal models. In a 
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non-limiting example, anywhere ftom 1 to 1000 target sites are chosen wiflun the transcript 
based on the size of the siNA construct to be used. High teoughput screening assays can 
be developed for screening siNA molecules usmg methods known in flie art, such as with 
multi-well or . multi-plate assays or combinatorial/siNA library screening assays to 
5 determine efiBcient reduction in target gene expression. 

Example 4: Selection of siNA molecule target sites in a KNA 

The following non-limiting steps can be used to cany out the selection of siNAs 
targeting a ^ven gene sequence or transcript 

The target sequence is parsed in silico into a list of all fi:agments or subsequences of a 
10 particular length, for example 23 nucleotide fragments, contained witiun the target 
sequence. This step is typically carried out using a custom Perl script, but commercial 
sequence analysis programs such as Oligo, MacVector, or tfie GCG Wisconsin Package can 
be employed as well. 

In some instances flie siNAs correspond to more than one target sequence; such 
1 5 would be the case for example in targeting different transcripts of the same ^ne, targeting 
different transcripts of more than one gene, or for targeting both the human gene and an 
animal homolog. In OAs case, a subsequence list of a particular length is generated for each 
of the targets, and then the lists are compared to find matching sequences in each list The 
subsequences 2ae then ranked according to the number of target sequences that contain the 
20 given subsequence; flie goal is to find subsequences that are preset in most or all of the 
target sequences. Alternately, the ranking can identify subsequences that are unique to a 
target sequence,, such as a mutant target sequence. Such an approach would enable tihe use . 
of siNA to target specifically the mutant sequence and not effect the expression of the 
normal sequence. 

25 hi some instances the siNA subsequences are absent in one or more sequences while 

present in the desired target sequence; such would be the case if the siNA targets a gene 
with a paralogous family mCTaber that is to remain untargeted. As in case 2 above, a 
subsequence list of a particular length is generated for each of the targets, and then the lists 
are compared to find sequences that are present in the target gene but are absent in the 
30 untargetedparalog. 
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The tanked siNA subsequences can be further analyzed and ranked according to GC 
content A preference can be given to sites containing 30-70% GC, with a further 
preference to sites containing 40-60% GC. 

The ranked siNA subsequences can be further analyzed and ranked according to 
5 self-folding and internal hairpins. Weaker internal folds are preferred; strong hairpin 
structures are to be avoided. 

The ranked siNA subsequences can be further analyzed and ranked according to 
whetfa^ &ey have runs of GGG or CCC in the sequence. GGG (or even more Gs) in eith^ 
strand can make oligonucleotide synthesis problematic and can potentially interfere wifli 
10 RNAi activity, so it is avoided oflier appropriately suitable sequences are available. CCC is 
searched in the target strand because fbat will place GGG in the antisense strand. 



and/or AA on the 5'-end of the sequence (to yield 3* UU on the antisense sequence). These 
1 5 sequences allow one to design siNA molecules with terminal TT thymidine dinucleotides. 

Four or five target sites are chosen from the ranked list of subsequences as described 
above. For example, in subsequences having 23 nucleotides, the right 21 nucleotides of 
each chosen 23-mer subsequence are ttien designed and synthesized for the upper (sense) 
- . strand of the siNA duplex, while.the reverse complement of the lefl 21 nucleotides of each 

20 chosen 23-mer subsequence are th^ designed and synthesized for the lower (antisense) 
strand of the siNA dvcplex (see Tables 1). If terminal TT residues are desired for fte 
sequence (as described in paragraph 7), then Hie two 3' terminal nucleotides of both tibe 
sense and antisense strands are replaced by TT prior to synthesizing the oligos. 

The siNA molecules are screened in an in vitro, cell culture or animal model system 
25 to identify the most active siNA molecule or the most preferred target site within the target 
RNA sequence. 

In an alternate approach, a pool of siNA constructs specific to a target sequence is 
used to screen for target sites in cells expressing target RNA, such as human HeLa cells. 
The general strategy used in this approach is shown in Figure 21. A non-limiting example 



The ranked siNA subsequences can be further analyzed and ranked according to 
whether they have the dinucleotide UU (uridine dinucleotide) on the 3'-end of the sequence. 
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of such a pool is a pool comprising sequences having antisense sequences complementaiy 
to the target RNA sequence and sense sequences complementary to the antisense sequences. 
Cells (e.g., HeLa cells) expressing the target gene are transfected with fee pool of siNA 
constmcts and cells that demonstrate a phenotype associated with gme silencing are sorted. 
5 The pool of siNA constructs can be chemically modified as described herein and 
synfliesized, for example, m a high throughput manner. The siNA firom cells 
demonstrating a positive phenolypic change (e.g., decreased target mSNA levels or target 
protein expression), are identified, for example by positional analysis within the assay, and 
are used to determine the most suitable target site(s) witiiin tiie target RNA sequence based 
10 upon the complementary sequence to the corresponding siNA antisense strand identified in 
the assay. 

Example 5: RNAi activity of chemically modifi ed siNA constructs 

Short interfering nucleic add (siNA) is emerging as a powerfiil tool for gene 
regulation. AU-ribose siNA duplexes activate flie RNAi pafliway but have lunited utility as 
15 thenq>eutic compounds due to their nuclease sensitivity and short half-life in serum, as. 
shown in Example 2 above. To develop nuclease-resistant siNA constructs for in vrvo 
applications, siNAs that target lucifezase mRNA and contain stabilizing chemical 
modifications were tested for activity in HeLa cells. The sequences for the siNA 
oligonucleotide sequences used in this study are shown in Table I. Modifications included 
30 . phosphorottdoate linkages (P^S), 2'-0-™ethyl nucleotides, or 2*-£luoro ^ liucieotides m 
one or both siNA strands and various 3'-end stabilization chemistries, including 3*-glyceryl, 
3»-mverted abasic, 3*-inverted Thymidine, and/or Thymidme. The KNAi activity of 
chemically stabilized siNA constructs was compared with the RNAi activity of control 
siNA constmcts consisting of all ribonucleotides at every position except the 3'-terminus 
25 which comprised two thymidine nucleotide overhangs. Active saNA molecules containing 
stabilizing modifications such as described herein should prove usefiil for mi vrva 
applications, given their enhanced nuclease-resistance. 

A luciferase reporter system was utilized to test RNAi activity of chemically 
modified siNA constructs compared to siNA constructs consisting of all RNA nucleotides 
30 containing two thymidine nucleotide overhangs. Sense and antisense siNA strands (20 uM 
each) were annealed by incubation in buffer (100 mM potassium acetate, 30 mM 
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HEPES-KOH, pH 7.4, 2 mM magnesium acetate) for 1 min. at 9(fC followed by 1 hour at 
3TC. Plasmids encoding fiiefly luciferase (pGUl) and lenilla luciferase ^RLSV40) weie 
purchased fiom Promega Biotech. 

HeLa S3 cells were grown at Sl^'C in DMEM with 5% FBS and seeded at 15,300 
5 cells in 100 ul media per well of a 96-well plate 24 hours prior to transfection. For 
transfection, 4 ul Lipofectamine 2000 (Life Technologies) was added to 96 ul OPTI-MEM, 
vortexed and incubated at room temperature for 5 minutes. The 100 ul diluted lipid was 
then added to a microtiter tube containing 5 ul pGL2 (200ng/ul), 5 ul pRLSV40 (8 ng/ul) 6 
ul siNA (25 nM or 10 nM final), and 84 ul OPTI-MEM, vortexed briefly and incubated at 
10 room temperature for 20 minutes. The transfection mix was then mixed briefly and 50 ul 
was added to each of three wells that contained HeLa S3 cells in 100 ul media. Cells were 
incubated for 20 hours after transfection and analyzed for luciferase expression using the 
Dual luciferase assay according to the manufacturer's instractions (Promega Biotech). The 
results of this study are simmiarized in Figures 4-16. The sequences of the siNA strands 
15 used in fliis study are shown in Table I and are referred to by Sima/RPI # in die figures. 
Normalized luciferase activity is reported as the ratio of firefly luciferase activity to renilla 
luciferase activity in the same sample. Error bars represent standard deviation of triplicate 
transfections. As shown in Figures 4-16, the RNAi activity of chemically modified 
constructs is often comparable to that of unmodified control siNA constructs, which consist 
20 of all ribonucleotides at every position except the 3 '-terminus which comprises two 
thymidine nucleotide overhangs. In some instances, the RNAi activity of the chemically 
modified constructs is greater than ftie unmodified control siNA construct consisting of all 
ribonucleotides.. 

For example, Figure 4 shows results obtained from a screen using phosphorothioate 
25 modified siNA constructs. The Sima/RPI 27654/27659 constract contains 
phosphorodiioate substitutions for every pyrimidine nucleotide in both sequences, the 
Sima/RPI 27657/27662 construct contains 5 terminal 3 '-phosphorothioate substitutions in 
each strand, flie Sima/RPI 27649/27658 constract contains all phosphorothioate 
substitutions only in the antisense strand, whereas the Sima/RPI 27649/27660 and 
30 Sima/RPI 27649/27661 constructs have unmodified sense strands and varying degrees of 
phosphorothioate substitutions in the antisense strand. All of these constructs show 
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significant RNAi activity when compared to a scrambled siNA comol construct 
(27651/27652). 

Figure 5 shows results obtained from a screen using phosphorofhioate (Sima/RPI 
28253/28255 and Sima/RPI 28254/28256) and universal base substitutions (Sima/RPI 
5 28257/28259 and Sima/RPI 28258/28260) compared to tiie same controls described above, 
these modifications show equivalent or better RNAi activity when compared to the 
unmodified control siNA constract 

Figure 6 shows results obtained from a screen using 2'-0-mettiyl modified siNA 
constracts in which the sense strand contains either 10 (Sima/RPI 28244/27650) or 5 
10 (Sima/RPI 28245/27650) 2*-0-methyl substitutions, both with comparable activity to flie 
unmodified control siNA construct. 

Figure 7 shows results obtained &om a screen using 2'-0-mettiyl or 
2'-deoxy-2'-fluoio modified siNA constrocts compared to a control constmct consisting of 
all ribonucleotides at every position except the 3'-terminus which comprises two thymidine 
1 5 nucleotide overhangs. 

Figure 8 compares a siNA constract containing six phosphorothioate substitutions in 
each strand (Sima/RPI 28460/28461), where 5 phosphorothioates are present at the 3* end 
and a single phosphorothioate is present at the 5' end of each strand. This motif shows very 
similar activity to tiie control siNA constract consisting of all ribonucleotides at every 
20 position except the 3*-terminus, which comprises two tiiymidine nucleotide overhangs. 

Figure 9 compares a siNA construct synthesized by &e method of ihe invention 
described in Example 1, wherein an inverted deoxyafoasic succinate linker was used to 
generate a siNA having a 3'-inverted deoxyabasic cap on the antisense strand of the siNA. 
This constract shows improved activity compared to tfie control siNA constract consisting 
25 of all ribonucleotides at every position except the 3 '-terminus which comprises two 
thymidine nucleotide overhangs. 

Figure 10 shows the results of an RNAi activity screen of chemically modifed siNA 
constracts including 3 '-glyceryl modified siNA constracts compared to an all RNA control 
siNA constract using a luciferase reporter system. These chemically modified siNAs were 
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compared in fhe luciferase assay described herein at 1 nM and lOnM concentration using 
an all RNA siNA control (siGL2) having 3 '-terminal dithymidine (TT) and its 
corresponding inverted control (Inv siGL2). The background level of luciferase expression 
in Ihe HeLa cells is designated by the '*cells** column. Sense and antisense strands of 
5 chemically modified siNA constmcts are shown by Sima/RPI number (sense 
strand/antisense strand). Sequences corresponding to these Sima/RPI numbers are shown 
in Table L As shown in the Figure, the 3 '-terminal modified siNA constmcts retain 
significant RNAi activity compared to the unmodified control siNA (siGL2) constroct 

Figure 11 shows flie results of an RNAi activity screen of chemically modifed siNA 
10 constmcts. The screen compared various combinations of sense strand chemical 
modifications and antisense strand chemical modifications. These chemically modified 
siNAs were compared in the luciferase assay described herein at 1 nM and lOnM 
concentration using an all RNA siNA control (siGL2) having 3 '-terminal dithymidine (TT) 
and its corresponding inverted control (Inv siGL2). The background level of luciferase 
IS expression in the HeLa cells is designated by the ^*cells" column. Sense and antisense 
strands of chemically modified siNA constmcts are shown by Sima/RPI number (sense 
strand/antisense strand). Sequences corresponding to these Sima/RPI numbers are shown 
in Table L As shown in the figure, the chemically modified Sima/RPI 30063/30430, 
Sima/RPI 30433/30430, and Sima/RPI 30063/30224 constmcts retain significant RNAi 
20 activity compared to the unmodified control siNA construct It should be noted that 
"Sima/EtPI 30433/30430 is a siNA constmct having no ribonucleotides which retains 
significant RNAi activity compared to the unmodified control siGL2 constmct in vitro, 
therefore, this constmct is expected to have both similar RNAi activity and improved 
stability in vivo compared to siNA constmcts having ribonucleotides. 

25 Figure 12 shows the results of an RNAi activity screen of chmiically modifed siNA 

constmcts. The screen compared various combinations of sense strand chemical 
modifications and antisense strand chemical modifications. These chemically modified 
siNAs were compared in tiie luciferase assay described herein at 1 iiM and lOnM 
concentration using an all RNA siNA control (siGL2) having 3 '-terminal dithymidine (TT) 
30 and its corresponding inverted control (Inv siGL2). The background level of luciferase 
expression in the HeLa cells is designated by the "cells" column. Sense and antismse 
strands of chemically modified siNA constmcts are shown by Sima/RPI number (sense 
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stnind/antisense strand). Sequraces conesponding to fhese Stma/RPI numbers are shown 
in Table 1. As shown in tiie figure, the chemically modified Sima/RPI 30063/30224 and 
Sima/RPI 30063/30430 constructs retain significant RNAi activity compared to the control 
siNA (siGL2) construct In addition, the antisense strand alone (Sima/RPI 30430) and an 
5 mverted control (Sima/RPI 30227/30229), having matched chemistry to Sima/RPI 
(30063/30224) were compared to tiie siNA duplexes described above. The antisense strand 
(Sima/RPI 30430) alone provides far less inhibition compared to die siNA duplexes using 
this sequence. 

Figure 13 shows the results of an RNAi activity screen of chemically modifed siNA 
10 constracts. The screen compared various combinations of sense strand chemical 
modifications and antisense strand chemical modifications. These chemically upodified 
siNAs were compared in the luciferase assay described herein at 1 nM and lOnM 
concentration using an all RNA siNA control (siGL2) having 3 '-terminal didiymidine (TT) 
and its corresponding inverted control (Inv siGL2). The background level of luciferase 
15 expression in the HeLa cells is designated by the *'cells" column. Sense and antisense 
strands of chemically modified siNA constmcts are shown by Sima/RPI number (sense 
strand/antisense strand). Sequences corresponding to these Sima/RPI mmibers are shown 
in Table I. In addition, an inverted control (Sima/RPI 30226/30229, having matched 
chemistry to Sima/RPI 30222/30224) was compared to the siNA duplexes described above. 
20 As shown in the figure, the chemically modified Suna/RPI 282S1/30430, Sima/RPI 
28251/30224, and SirHa/RPI 30222/30224 constmcts retain significant RNAi activity 
compared to the control siNA construct, and the chemically modified Sima/RPI 
28251/30430 construct d^onstrates improved activity compared to the control siNA 
(siGL2) construct 

25 Figure 14 shows the results of an RNAi activity screen of chemically modifed siNA 

constmcts including various 3 '-terminal modified siNA constracts compared to an all RNA 
' control siNA construct using a luciferase reporter system. These chemically modified 
siNAs were compared in the luciferase assay described herein at 1 nM and lOnM 
concentration using an all RNA siNA control (siGL2) having 3 '-terminal difliymidine (TT) 
30 and its corresponding inverted control Qnv siGL2). The background level of luciferase 
expression in the HeLa cells is designated by the "cells" column. Sense and antisense 
strands of chemically modified siNA constmcts are shown by Sima/RPI number (sense 
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stiand/antisense stiand). Sequences corresponding to these Sima/RPI niunbeis aie shown 
in Table I. As shown in the figure, the chemically modified Sima/RPI 30222/30546, 
30222/30224, 30222/30551, 30222/30557 and 30222/30558 constructs retain significant 
RNAi activity compared to fbe control siNA construct 

5 Figure 15 shows the results of an RNAi activity screen of chemically modifed siNA 

constructs. The screen compared various combinations of sense strand chemistries 
compared to a fixed antisense strand chemistry. These chemically modified siNAs were 
compared in the luciferase assay described herein at 1 nM and lOnM concentration using 
an all RNA siNA control (siGL2) havmg 3'-terminal dithymidine (TT) and its 
10 corresponding inverted control (Inv siGL2). The background level of lucifemse expression 
in the HeLa cells is designated by the ""cells" column. Sense and antisense strands of 
chemically modified siNA constructs are shown by Sima/RPI nimiber (sense 
strand/antisense strand). Sequences corresponding to these Sima/RPI numbers are shown 
in Table I. As shown in the figure, the chemically modified Sima/RPI 30063/30430, 
1 5 30434/30430, and 30435/30430 constructs all demonstrate greater activity compared to the 
control siNA (siGL2) constract 

Example 6: RNAi activity titration 

A titration assay was performed to determine the lower range of siNA concentration 
required for RNAi activity both in a control siNA constmct consisting of all RNA 
20 nucleotides containing two thymidine nucleotide overhangs and a chemically modified 
siNA constmct comprising five phosphorothioate intemucleotide linkages in both the sense 
and antisense strands. The assay was performed as described above, however, the siNA 
constmcts were diluted to final concentrations between 2.5 nM and 0.025 nM. Results are 
shown in Figure 16. As shown in Figure 16, tiie chemically modified siNA constmct 
25 shows a very similar concentration dependent RNAi activity profile to the control siNA 
constmct when compared to an inverted siNA sequence control. 

Example 7: siNA design 

siNA target sites were chosen by analyzing sequences of the target RNA and 
optionally prioritizing the target sites on the basis of folding (stnicture of any given 
30 sequence analyzed to determine siNA accessibility to the target), by using a library of siNA 
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molecules as described in Example 4, or altemately by using an in vitro siNA system as 
described in Example 9 herein. siNA molecules were designed that could bind each target 
and are optionally individually analyzed by computer folding to assess whether the siNA 
molecule can interact with the target sequence. Varying the length of the siNA molecules 
can be chosen to optimize activity. Generally, a sufficient number of complementary 
nucleotide bases are chosen to bind to, or otherwise interact with, the target RNA, but the 
degree of complementarity can be modulated to accommodate siNA duplexes or varying 
length or base composition. By using such methodologies, siNA molecules can be 
designed to target sites within any known RNA sequence, for example those RNA 
sequences corresponding to the any gene transcript. 

Chemically modified siNA constructs are designed to provide nuclease stability for 
systemic administration in vivo and/or improved pharmacokinetic, localization, and 
delivery properties while preserving die ability to mediate RNAi activity. Chemical 
modifications as described herein are introduced synthetically using synthetic methods 
IS described herein and those generally known in the art The synthetic siNA constructs are 
then assayed for nuclease stability in serum and/or cellulai/tissue extracts (e.g., liver 
extracts). The syntiietic siNA constructs are also tested in parallel for RNAi activity using 
an appropriate assay, such as a luciferase reports assay as described herein or another 
suitable assay that can quantity RNAi activity. Synthetic siNA constructs tiiat possess both 
20 nuclease stability and RNAi activity can be further modified and re-evaluated in stability 
. and activity assays. The chemical modifications of the stabilized activie siNA constructs 
can flien be applied to any siNA sequence targeting any chosen RNA and used, for example, 
in target screening assays to pick lead siNA compounds for therapeutic development (see 
for example Figure 27). 

25 Example 8: Chemical Synthesis and Purification of siNA 

siNA molecules can be designed to interact with various sites in the RNA message, 
for example, target sequences within the RNA sequences described herein. The sequence 
of one strand of the siNA molecule(s) is complementary to the target site sequences, 
described above. The siNA molecules can be chemically synthesized using methods 
30 described herein. Inactive siNA molecules that are used as control sequences can be 
synthesized by scrambling die sequence of the siNA molecules such that it is not 
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complementary to the target sequence. Generally, siNA constructs can by synthesized 
using solid phase oligonucleotide synttiesis methods as described herein (see for example 
Usman et aU US Patent Nos. 5,804,683; 5,831,071; 5,998,203; 6,117,657; 6,353,098; 
6,362,323; 6,437,117; 6,469,158; Scaringe et al, US Patent Nos. 6,111,086; 6,008,400; 
5 6,1 1 1,086 all incorporated by reference herein in fheir entirety). 

In a non-limiting example, SNA oligonucleotides are synthesized in a stq)wise 
fashion using the phosphoiamidite chemistry as is known in the art Standard 
phosphotamidite chemistry involves the use of nucleosides comprising any of 
5*-0-dimethoxytrityl, 2'-0-tert-butyld]methylsilyl, 3'-0-2-Cyanoetlr>rl 

10 N,N-diisopropylphos-phoroamidite groups, and exocycUc amine protecting groups (e.g., 
N6-b6nzoyl adenosine, N4 acetyl cytidine, and N2-isobutyryl guanosine). Alternately, 
2'-0-Silyl Ediers can be used in conjunction widi acid-labile 2'-0-orfhoester protecting 
groups in the synthesis of RNA as described by Scaringe supra. Differing 2' chemistries 
can require dififerent protecting groups, for example 2'-deoxy-2'-amino nucleosides can 

15 utilize N-phthaloyl protection as described by Usman et al, US Patent 5,631,360, 
incorporated by reference herein in its entirety). 

During solid phase synthesis, each nucleotide is added sequentially (3'- to 
5 '-direction) to the solid siq>port-bound oligonucleotide. The first nucleoside at the 3 '-end 
of the chain is covalently attached to a solid support (e.g., controlled pore glass or 
' "20 .polystyrene) using various linkers. The nucleotide precursor, a ribonuclebsi^ 
phosphoramidite, and activator are combined resulting in the coupling of the second 
nucleoside phosphoiamidite onto the 5'-end of die first nucleoside. The support is then 
washed and aiQr unieacted 5'-hydroxyl groups are capped with a aq>ping reagent such as 
acetic anhydride to yield inactive 5'-acetyl moieties. The trivalent phosphorus linkage is 
25 then oxidized to a more stable phosphate linkage. At the end of the nucleotide addition 
cycle, the 5'-0-protecting group is cleaved under suitable conditions (e.g., acidic 
conditions for trityl-based groups and Fluoride for silyl-based groups). The cycle is 
repeated for each subsequmt nucleotide. 

Modification of syndiesis conditions can be used to optimize coupling efficiency, for 
30 example by using differing coupling times, differing reagent/phosphoramidite 
concentrations, differing contact times, differing solid supports and solid support linker 
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chemistries depending on the particular chemical composition of the siNA to be 
synthesized. Deprotection and purification of the siNA can be performed as is generalfy 
described in Deprotection and purification of the siNA can be performed as is generally 
described in Usman et aL, US 5,831,071, US 6,353,098, US 6,437,117, and Bellon et al., 
5 US 6,054,576, US 6,162,909, US 6,303,773, or Scaringe supra, incorporated by reference 
herein in their entireties. Additionally, deprotection conditions can be modified to provide 
the best possible yield and purity of siNA constructs. For example, applicant has observed 
that oligonucleotides comprising 2'-deoxy*2'-fluoro nucleotides can degrade under 
inappropriate deprotection conditions. Such oligonucleotides are deprotected using 
10 aqueous methylamine at about 35^C for 30 minutes. If the 2*-deoxy-2'-fluoro containing 
oligonucleotide also comprises ribonucleotides, after deprotection with aqueous 
metiiylamine at about SS'^C for 30 minutes, TEA-HF is added and the reaction maintained 
at about 65^C for an additional 1 5 minutes. 

Example 9: RNAi in vitro assay to assess siNA activity 

IS An in vitro assay that recapitulates RNAi in a cell free system is used to evaluate 

siNA constmcts specific to target RNA. The assay comprises the system described by 
TuscU et aL, 1999, Genes and Developmenty 13, 3 191-3 1 97 and Zamore et aL, 2000, Cell^ 
101, 25-33 adapted for use witii target RNA. A Drosophila extract derived from syncytial 
blastoderm is used to reconstitute RNAi activity in vitro. Target RNA is generated via in 
. 20 vitro transcription, from an appropriate plasmid using T7 RNA polymerase or via chemical 
synthesis as described herein. Sense and antisense siNA strands (for exanq;>le 20 uM each) 
are annealed by incubation in buffer (such as 100 mM potassium acetate, 30 mM 
HEPES-KOH, pH 7J4, 2 mM magnesium acetate) for 1 mmute at 90^C followed by 1 hour 
at 37X1;, tiiffl diluted in lysis buffer (for example 100 mM potassium acetate, 30 mM 

25 HEPES-KOH at pH 7.4, 2mM magnesium acetate). Annealing can be monitored by gel 
electrophoresis on an agarose gel in TBE buffer and stained with ethidium bromide. The 
Drosophila lysate is prepared using zero to two-hour-old embryos from Oregon R flies 
collected on yeasted molasses agar tiiat are dechorionated and lysed. The lysate is 
centrifriged and the supernatant isolated. ^ The assay comprises a reaction mixture 

30 containing S0% lysate [vol/vol]» RNA (10-50 pM final concentration), and 10% [vol/vol] 
lysis buffer containing siNA (10 nM final concentration). The reaction mixture also 
contains 10 mM creatine phosphate, 10 ug.ml creatine phospholdnase, 100 um GTP, 100 
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uM UTP, 100 uM CTP, 500 uM ATP, 5 mM DTT, 0.1 U/uL RNasin (Promega), and 100 
uM of each amino acid. The final concentration of potassium acetate is adjusted to 100 mM. 
The reactions are pre-assembled on ice and preincubated at 25'' C for 10 minutes before 
adding RNA, then incubated at 25'' C for an additional 60 minutes. Reactions are quenched 
5 with 4 volumes of 1 .25 x Passive Lysis Buffer (Promega). Target RNA cleavage is assayed 
by RT-PCR analysis or other methods known in the art and are compared to control 
reactions in which siNAis omitted from the reaction. 

Alternately, internally-labeled target RNA for the assay is prepared by in vUro 
transcription in the presence of [alpha-^^P] CTP, passed over a G 50 S^hadex column by 
10 spin chromatography and used as target RNA without further purification. Optionally, 
target RNA is S^-^^T-md labeled using T4 polynucleotide kinase enzyme. Assays are 
performed as described above and target RNA and the specific RNA cleavage products 
generated by RNAi are visualized on an autoradiogmph of a gel. The percentage of 

cleavage is determined by Phosphor Imager® quantitation of bands representing intact 
IS control RNA or RNA from control reactions without siNA and the cleavage products 
generated by the assay. 

In one embodiment, this assay is used to determine target sites the RNA target for 
siNA mediated RNAi cleavage, wherein a plurality of siNA constructs are screened for 
RNAi mediated cleavage of the RNA target, for example, by analyzing the assay reaction 
20 J^y electiophor^ of labeled .target RNA» or by tiortheni blotting, as well as by other 
mefliodology well known in the art 

Example 10: Nucleic acid inhi bition of target RNA in vivo 

siNA molecules targeted to the target RNA are designed and synthesized as 
described above. These nucleic acid molecules can be tested for cleavage activity in vivo, 
25 for example, using fte following procedure. 

Two formats are used to test the efficacy of siNAs targeting a particular gene 
transcipt. First, the reagents are tested on target expressing cells (e.g., HeLa), to determine 
the extent of RNA and protein inhibition. siNA reagents are selected against the RNA 
target. RNA inhibition is measured after delivery of these reagents by a suitable 
30 transfection agent to cells. Relative amounts of target RNA are measured versus actin 
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1^ using real-time PGR monitoring of amplification {eg,, ABI 7700 TaqmanQ. A 

comparison is made to a mixture of oligonucleotide sequences made to unrelated 
targets or to a randomized siNA control with the same overall length and 
chemistry^ but with randomly substituted nucleotides at each position* Primary 
5 and secondary lead reagents are chosen for the target and optimization performed. 
After an optimal transfection agent concentration is choseiv a RNA time-course of 
inhibition is performed with tihe lead siNA molecule. In addition, a cell-plating 
format can be used to determine RNA inhibitioiL 

Delivery of siNA to Cells 

10 Cells (e.g., HeLa) are seeded, for example, at 1x105 cells per well of a six-well dish 

in EGM-2 (BioWhittaker) the day before transfectioiL siNA (final concentration, for 
example 20nM) and cationic lipid (e.g., final concentration 2Dg/ml) are complexed in 
EGM basal media O^iowhittaker) at 37oC for 30 mins in polystyrene tubes. Following 
vortexing, the conqplexed siNA is added to each well and incubated for the times indicated. 

IS For initial optimization experiments, cells are seeded, for example, at 1x103 in 96 well 
plates and siNA complex added as described. Efficiracy of delivery of siNA to cells is 
determined using a fluorescent siNA complexed witti lipid. Cells in 6-well dishes are 
incubated witii siNA for 24 hours, rinsed with PBS and fixed in 2% paraformaldehyde for 
■ IS minutes . at room temperatoie. Uptake of siNA is visualized using a fluorescent 

20 microscope! 

Taqman and Lightcycler quantification of mRNA 

Total RNA is prepared firom cells following siNA delivery, for example, using 
Qiagen RNA purification kits for 6-well or Rneasy extraction kits for 96-well assays. For 
Taqman analysis, dual-labeled probes are synthesized with the reporter dye, FAM or JOE, 

2S covalendy linked at the S*-end and the quencher dye TAMRA conjugated to &e 3'-end. 
One-step RT-PCR amplifications are performed on, for example, an ABI PRISM 7700 
Sequence Detector using SO }il reactions consisting of 10 yl total RNA, 100 nM forward 
primer, 900 nM reverse primer, 100 nM probe, IX TaqMan PCR reaction buffer 
(PE-Applied Biosystems), 5.S mM MgC12, 300 fiM each dATP, dCTP, dGTP, and dTTP, 

30 lOU RNase Inhibitor (Promega), 1.2SU AmpliTaq Gold ^E-Applied Biosystems) and lOU 
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M-MLV Reverse Transcriptase (Promega). The tfiermal Qrcling conditions can consist of 
30 min at 48*C, 10 min at 95**C, followed by 40 cycles of 15 sec at 95X and 1 min at 60**C. 
-X Quantitation of mRNA levels is determined relative to standards generated ftom serially 
diluted total cellular RNA (300, 100, 33, 1 1 ng/rxn) and normalizing to B-actin or GAPDH 
5 mRNA in parallel TaqMan reactions. For each gene of interest an upper and lower primer 
and a fluorescently labeled probe are designed. Real time incorporation of SYBR Green I 
dye mto a specific PGR product can be measured in glass capillary tubes using a lightcyler. 
A standard curve is generated for each primer pair using control cRNA. Values are 
represented as relative expression to GAPDH in each sample. 

10 Western blotting 

Nuclear extracts can be prepared using a standard micro preparation technique (see 
for example Andrews and Falter, 1991, Nucteic Acids Research, 19, 2499). Piotein 
extracts from siqiematants are prepared, for example using TCA precipitation. An equal 
volume of 20% TCA is added to the cell supernatant, incubated on ice for 1 hour and 
15 pelleted by centrifiigation for 5 minutes. Pellets are washed in acetone, dried and 
resuspended in water. Cellular protein retracts are run on a 10% Bis-Tris NuPage (nuclear 
extracts) or 4-12% Tris-Glycine (supernatant extracts) polyacrylamide gel and transferred 
onto nitro-cellulose membranes. Non-specific l)inding can be blocked by incubation, for 
example, with 5% non-fat milk for 1 hour followed by primary antibody for 16 hourat 4oC. 
20 Followmg washes, the secondary antibody is applied, for example (1 : 1 0,000 dilution) for 1 
hour at room temperature and the signal detected with SuperSignal reagent (Pierce). 

Example 11: Animal Models 

Variotis aniirijal models can be used to screen siNA constructs in vivo as are 
known in the art, for example those anknal models that are used to evaluate other 
25 nucleic add technologies such as enzymatic nucleic add molecules (ribozymes) 
and/or antisense* Such axumal models are used to test the efficacy of siNA 
molecules described herein. In a nonrlimithig example, siNA molecules that are 
designed as anti-angiogenic agents can be screened using animal models. There 
are several animal models available in which to test the anti-angiogenesis effect of 
30 nuddc acids of the present invention, such as siNA, directed against genes 
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associated with angiogenesis and/or metastais, such as VEGFR (e.g., VEGFRl, 
VEGFR2, and VEGFR3) genes. Typically a corneal model has been used to study 
angiogenesis in rat and rabbit, since recruitment of vessels can easily be followed 
in diis normally avascular tissue (Pandey et aL, 1995 Science 268: 567-569). In 

5 Ihese models, a small Teflon or Hydron disk pretreated with an angiogenesis 
Victor (e.g., bFGF or VEGF) is inserted into a pocket surgically created in the 
cornea. Angiogenesis is monitored 3 to 5 days later. siNA molecules directed 
against VEGFR mRNAs woidd be delivered in the disk as well, or dropwise to the 
eye over the time course of the experiment hi another eye model, hypoxia has 

10 been shown to cause both increased expression of VEGF and neovascularization 
in title retina (Pierce et aL, 1995 Proc. Nafl. Acad. Sci USA. 92: 905-909; Shweiki et 
al., 1992 J. Clin. Livest 91: 2235-2243). 

Several ammal models exist for screening of anti-angiogaiic a^nts. These include 
comeal vessel formation following comeal injury CBurger et aL, 1985 Cornea 4: 35-41; 

15 Lepri,^a/., 1994/. Ocular Pharmacol 10: 273-280; Ctanerod a/., 1990 Am. J. Pathol 
137: 1243-1252) or intracomeal growth factor implant (Grant et al, 1993 Diabetologia 
36: 282-291;Pandey e/aZ. 1995^ra;Ziechee/a/., 1992Za&/nves/. 67: 711-715),. 
vessel growtih into Matrigel matrix containing growth &ctors (Passaniti et al, 1992 stq>ra\ 
female reproductive organ neovascularization following hormonal manipulation (Shweiki 

20 al, 1993 Clin. Invest. 91: 2235-2243), several models involving inhibition of tumor 
growth in highly vascularized solid tumors (O'Reilly a/., 1994 Cetf 79: 315-328; Senger 
et al., 1993 Cancer and Metas. Rev. 12: 303-324; Takahasief a/., 1994 Cowcer/lcs. 54: 
4233-4237; Kim et al, 1993 siq^ra), and transient hypoxia-induced neovascularization in 
flie mouse retina fierce et al, 1995 Proc. Natl Acad. Set USA. 92: 905-909).gene 

25 The cornea model, described in Pandey et al. supra^ is the most common and well 

characterized anti-angiogenic agent efficacy screening model. This model involves an 
avascular tissue into which vessels are recruited by a stimulating agent (growth factor, 
thermal or alkalai bum, endotoxin). The comeal model utilizes the intrastromal comeal 
implantation of a Teflon pellet soaked in a VEGF-Hydron solution to recruit blood vessels 

30 toward the pellet, which can be quantitated using standard microscopic and image analysis 
techniques. To evaluate their anti-angiogenic efBcacy, siNA molecules aie applied 
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topically to the eye or bound within Hydion on the Teflon pellet itself. This avascular 
cornea as well as tfie Matrigel model (described below) provide for low background assays. 
While the corneal model has been performed extensively in the rabbit, studies in flie rat 
have also been conducted. 

5 The mouse model (Passaniti et al., suprd) is a non-tissue model which utilizes 

Matrigel, an extract of basement membrane (Kleinman et al., 1986) or Millipore® fUtor 
disk, which can be impregnated wifh growfli factors and anti-angiogenic agents in a liquid 
form prior to injection. Upon subcutaneous administration at body temperature, fhe 
Matrigel or Millipore® filter disk forms a solid implant. VEGF embedded in fhe Matrigel 
10 or Millipore® filter disk is used to recruit vessels within tibe matrix of the Matrigel or 
Millipore® filter disk which can be processed histologically for endothelial cell specific 
vWF (factor VIII antigen) immunohistochemistry, Trichrome-Masson stain, or 
hemoglobin content. Like the cornea, the Matrigel or Millipore® filter disk are avascular; 
however, it is not tissue. In the Matrigel or Millipore® filter disk model, siNA molecules 
15 are administered within the matrix of the Matrigel or Millipore® filter disk to test their 
anti-angiogenic efficacy. Thus, delivery issues in this model, as with delivery of siNA 
molecules by Hydron- coated Teflon pellets in the rat cornea model, may be less 
problematic due to the homogeneous presence of fhe siNA within fhe respective matrix. 

The Lewis lung carcindma and B-16 murine melanoma models ate well accepted 
20 models of primary and metastatic cancer and are used for initial screening of anti-cancer 
agents. These murine models are not dependent upon flie use of immunodeficient mice, are 
relatively ine?q[)ensive, and minimize housing concerns. Bofli fhe Lewis lung and B-16 
melanoma models involve subcutaneous implantation of approximately 10^ tumor cells 
fi-om metastatically aggressive tumor cell lines (Lewis lung lines 3LL or D122, LLc-LN7; 
25 B-16-BL6 melanoma) in CS7BL/6J mice. Alternatively, fhe Lewis lung model can be 
produced by fhe surgical implantation of tumor spheres (approximately 0.8 mm in 
diameter). Metastasis also may be modeled by injecting fhe tumor cells directly 
intravraeously. In fhe Lewis lung model, microscopic metastases can be observed 
ajiproximately 14 days following implantation wifh quantifiable macroscopic metastatic 
30 tumors developing within 21-25 days. The B-16 melanoma exhibits a similar time course 
with tumor neovascularization beginning 4 days following implantation. Since both 
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primary and metastatic tumors exist in these models after 21-25 days in the same animal, 
multiple measurements can be taken as indices of efficacy. Primary tumor volume and 
growth latency as well as the number of micro- and macroscopic metastatic lung foci or 
number of animals exhibiting metastases can be quantitated. The percent increase in 
5 lifespan can also be measured. Thus, these models would provide suitable primary efiBcacy 
assays for screening systemically administered siNA molecules and siNA formulations. 

In the Lewis lung and B-16 melanoma models, systemic pharmacotherapy wifh a 
wide variety of agents usually begins 1-7 days following tumor implantation/inoculation 
vnih either continuous or multiple administration regimens. Concurrent pharmacokinetic 
10 studies can be performed to determine whedier sufficient tissue levels of siNA can be 
achieved for pharmacodynamic effect to be expected. Furthermore, primary tumors and 
secondary lung metastases can be removed and subjected to a variety of in vitro studies 
target RNA reduction). 

Ohno-Matsuie/a/., 2002yAnu J. Pathology, 160, 71 1-719 describe a model of severe 
IS proliferative retinopathy and retinal detachment in mice under inducible expression of 
vascular endothelial growfii fiictor. In this model, expression of a VEGF transgene results 
in elevated levels of ocular VEGF that is associated with severe prolifemtive retinopathy 
and retinal detachment Furttiermore, Mori et al, 2001, J. Cellular Physiology, 188, 
253-263, describe a model of laser induced choroidal neovascularization that can be used in 
■20 • conjunction with intravitreous or subretianl injection of siNA molecules of Ihe invention to 
evaluate Ihe efficacy of siNA treatment of severe prolif^tive retinopathy and retinal 
detachment 

In utilizing these models, to assess siNA activity, VEGFRl, VEGFR2, and/or 
VEGFR3 protein levels can be measured clinically or experimentally by FACS analysis. 
25 VEGFRl, VEGFR2, and/or VEGFR3 encoded mKNA levels can be ^sessed by Northern 
analysis, RNase-protection, primer extension analysis and/or quantitative RT-PCR. siNA 
molecules that block VEGFRl , VEGFR2, and/or VEGFR3 protein encoding mRN As and 
tiierefore result in decreased levels of VEGFRl, VEGFR2, and/or VEGFR3 activity by 
more than 20% in vitro can be identified usmg the techniques described herein. 
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Example 12: siNA-mediated inhibition of aneiogenesis in vivo 

The purpose of fliis study was to assess the anti-an^ogenic activity of siNA targeted 
agamst VEGFRl, using the rat cornea model of VEGF induced angiogenesis discussed in 
Example 11 above). The siNA molecules shown in Figure 23 have matched inverted 
5 controls which are inactive since they are not able to interact with the KNA target The 
siNA molecules and VEGF were co-delivered using flie filter disk metiiod. Nitrocellulose 
filter disks (Millipore®) of 0.057 diameter were immersed in appropriate solutions and 
were surgically implanted in rat cornea as described by Pandey et aL, supra. 

The stimulus for angiogenesis in this study was the treatment of tihe filter disk with 30 
10 mM VEGF which is implanted within the cornea's stroma. This dose yields reproducible 
neovascularization stemming firom the pericorneal vascular plexus growing toward the disk 
in a dose-response study 5 days following implant. Filter disks treated only witti the 
vehicle for VEGF show no angiogenic response. The siNA were co-adminstered with 
VEGF on a disk in three different siNA concentrations. One concern with the simultaneous 
15 administration is that the siNA would not be able to inhibit angiogenesis since VEGF 
receptors can be stimulated. However, Applicant has observed that in low VEGF doses, the 
neovascular response reverts to normal suggesting that the VEGF stimulus is essential for 
maintaining the angiogenic response. Blocking the production of VEGF receptors using 
simultaneous administration of anti-VEGF-R mRNA siNA could attenuate flie normal 
- 20 . neoyiascularization induced by the filter disk treated with VEGF. 

Materials and Mettiods: 
Test Compounds and Controls 

R&D Systems VEGF, carrier free at 75 \xM in 82 mM Tris-Cl, pH 6.9 

25 siNA, 1 .67 jiG/»iL, SITE 2340 (SIRNA/RPI 29695/29699) sense/antisense 

siNA, 1.67 |iG/|iL, INVERTED CONTROL FOR SITE 2340 (SIRNA/RPI 
29983/29984) sense/antisense 

siNA 1.67 jig/(iL, Site 2340 (Sima/RPI 30196/30416) sense/antisense 
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Animals 

Hadan Spiague-Dawley Rats, Approximately 225-250g 
45 males, 5 animals per group. 
Husbandly 

Animals are housed in groups of two. Feed, water, temperature and humidity are 
detennined according to Pharmacology Testing Facility perfonnance standards (SOP's) 
which are in accordance with the 1996 Guide ft»r the Care and Use of Laboratory Animals 
(NRC). Animals are acclimated to the fiicility for at least 7 days prior to experimentation. 
During this time, anhnals are observed for overall health and sentinels are bled for baseline 
saology. 

Experimental Groups 



10 



Each solution (VEGF and siNAs) was prepared as a IX solution for final 
concentrations shown m the experimental groups described in Table m. 

siNA Annealing Conditions 

■: r -^^!^/ ^?^.^ antisense strands are . annealed for 1 minute in H2O at 
1.67mg/rniystaAd followed by a I hour incubation at ST^C producing 334 mq/mL of 
duplexed SiNA. For the 20jig/eye treatment, 6 ^Ls of the 3.34 mg/mL duplex is injected 
mto .the eye (see below). The 3.34 mg/mL duplex siNA can then be seriaUy diluted fot dose 
response assays. 



25 Preparation of VEGF Fitter Disk 

For corneal implantation, 0.57 mm diameter nitrocellulose disks, prepared fiom 0.45 
Hm pore diameter nitrocellulose fQter membranes (MiUipore Corporation), were soaked for 
30 min inl |iL of 75 MM VEGF in 82 mM Tris HCl (pH 6.9) in covered petri dishes on ice. 
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Filter disks soaked only with the vehicle for VEGF (83 mM Tris-Cl pH 6.9) elicit no 
angiogenic response. 

Corneal surgery 

5 The rat corneal model used in this study was a modified from Koch et al. Supra and 

Pandey et al.y supra. Briefly, corneas were irrigated with 0.5% povidone iodine solution 
followed by nonnal saline and two drops of 2% lidocaine. Under a dissecting microscope 
(Leica MZ-6), a stromal pocket was created and a presoaked filter disk (see above) was 
inserted into the pocket such that its edge was 1 mm from the corneal limbus. 

10 Intraconjuncttval injection of test solutions 



bamediately after disk insertion^ the tip of a 40-50 (im OD injector (constructed in 
our laboratory) was inserted within the conjunctival tissue 1 mm away from the edge of the 
corneal limbus. that was directly adjacent to tfie VEGF-soaked filter disk. Six hundred 

15 nanoliters of test solution (siNA, mverted control or sterile water vehicle) were dispensed 
at a rate of 1.2 ^L/min using a syringe pump (Kd Scientific). The injector was tbem 
removed, serially rinsed in 70% ethanol and sterile water and immersed in sterile water 
between each injection. Once &e test solution was injected, closure of the eyelid was 
maintained using microaneurism clips until flie animal began to recover gross motor 

20 activity. Following treatment, £inimals were warmed on a heating pad at 37!*C. . 

Quantitation of angiogenic response 

Five days after disk implantation, animals were euthanized following administration 
of 0.4 m^kg atropine and corneas were digitally imaged. The neovascular surface area 

25 (NSA, expressed in pixels) was measured postmortem from blood-filled comeal vessels 
using computerized morphometry (Image Pro Plus, Media Cybernetics, v2.0). The 
individual mean NSA was determined in triplicate ftom tfiree regions of identical size in 
the area of maximal neovascularization between the filter disk and the limbus. The number 
of pixels corresponding to the blood-filled comeal vessels in these regions was sunmiated 

30 to produce an index of NSA. A group mean NSA was then calculated. Data from each 
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treatment group were normalized to VEGF/siNA vehicle-treated control NSA and finally 
expressed as percent inhibition of VEGF-induced angiogenesis. 

Statistics 



5 After determining the normality of treatment group means, groiip mean percent 

inhibition of VEGF-indiiced angiogenesis was subjected to a one-way analysis of variance. 
This was followed by two post-hoc tests for significance including Duimett's (comparison 
to VEGF control) and Tukey-Kramer (all other group mean comparisons) at alpha = O.OS. 
Statistical analyses were performed using JMP v3. 1 .6 (SAS Institute). 

10 Results of the study are graphically represented in Figares 23 and 76. As shown in 

Figure 23, VEGFrl site 4229 active siNA (Sima/RPI 29695/29699) at three concentrations 
were effective at inhibiting angiogenesis compared to the inverted siNA control (Sima/RPI 
29983/29984) and the VEGF control. A chemically modilBed version of the VEGFrl site 
4229 active siNA comprising a sense strand having 2'-deoxy-2'-fluoro pyrimidines and 

15 ribo purines with 5' and 3' terminal inverted deoxyabasic residues and an antisense strand 
having having 2*-deoxy-2'-fluoro pyrimidines and ribo purines with a terminal 
3*-phosphorothioate intemucleotide linkage (Sima/RPI 30196/30416), showed sunilar 
mhibition. Furthermore, VEGFrl site 349 active siNA having "Stab 9/10" chemistry 
(Sima # 31270/31273) was tested for inhibition of VEGF-mduced angiogenesis at fliree 

20 different concentrations (2.0 ng, 1.0 ug, and 0.1 fig dose response) as compared to a 
matched chemistry inverted control siNA constmct (Sima # 31276/31279) at each 
concentration and a VEGF control in which no siNA was administered. As shown in 
Figure 76, the active siNA constmct having "Stab 9/10" chemistry (Sima # 31270/312173) 
is highly effective in irihibiting VEGF-induced angiogenesis in the rat comeal model 

25 compared to the matohed chemistry inverted control siNA at concentrations from 0. 1 ^ to 
2.0 ug. These results demonstrate that siNA molecules having different chemically 
modified compositions, such as the modifications described herein, are capable of 
significantly inhibiting angiogenesis in vivo. 
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Example 13: Inhibition of HBV using siNA Molecules of the Invention 

Trmisfection ofHepG2 Cells with psHBV-1 and siNA 

The human hepatocellular carcinoma cell line Hep G2 was grown in Dulbecco's 
modified Eagle media supplemented with 10% fetal calf serum, 2 mM glutamine, 0.1 mM 
5 nonessential amino acids, 1 mM sodium pyruvate, 25 mM Hepes, 100 units penicillin, and 
100 ^g/ml streptomycin. To generate a replication competent cDNA, prior to transfection 
the HBV genomic sequences are excised firom the bacterial plasmid sequence contained in 
the psHBV-1 vector. Other metfiods known in the art can be used to generate a replication 
competent cDNA. This was done with an EcoRI and Hind m restriction digest Following 
10 completion of the digest, a hgation was performed under dilute conditions (20 jig/ml) to 
favor intermolecular ligation. The total ligation mixture was then concentrated using 
Qiagen spin columns. 

siNA Activity Screen and Dose Response Asscty 

Transfection of the himian hepatocellular carcinoma cell line. Hep G2, with 
15 replication-competent HBV DNA results in the expression of HBV proteins and the 
production of virions. To test the efiBcacy of siNAs targeted against HBV RNA, several 
siNA duplexes targeting different sites within HBV pregenomic RNA were co-transfected 
with HBV genomic DNA once at 25 nM with lipid at 12.5 ug/ml into Hep G2 cells, and the 
subsequent levels of secreted HBV surface antigen (HBsAg) were analyzed by ELISA (see 
20 Figure 24). Inverted sequence duplexes were used as negative controls. Subsequently, 
dose response studies were performed in which the siNA duplexes were co-transfected with 
HBV genomic DNA at 0.5, 5, 10 and 25 nM wift lipid at 12.5 ug/ml into Hep G2 cells, and 
the subsequent levels of secreted HBV surface antigen (HBsAg) were analyzed by ELISA 
(see Figure 25). 

25 Analysis of HBsAg Levels Following siNA Treatment 

To determine siNA activity, HbsAg levels were measured following transfection 
with siNA- Immulon 4 (Dynax) microtiter wells were coated overnight at 4( C with 
anti-HBsAg Mab (Biostride B88-95-31ad,ay) at 1 (g/ml in Carbonate Buffer (Na2C03 15 
mM, NaHCOS 35 mM, pH 9.5). The wells were then washed 4x with PBST (PBS, 0.05% 
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reduction of HBsAg levels compared to matched inverted controls at A. 3 days, B. 9 days, 
and C. 21 days post transfection. Also shown is ttie corresponding percent inhibition as 
function of time at siNA concentrations of D. 100 nM, E. SO nM, and F. 25 nM. 

Example 14: Inhibition of HCV using siNA Molecules of the Invention 

5 siNA Inhibition of a chimeric HCV/Poliovirus in HeLa Cells 

Inhibition of a chimeric HCV/Poliovims was investigated using 21 nucleotide siNA 
duplexes in HeLa cells. Seven siMA constmcts were designed that target three regions in 
the highly conserved 5' imtranslated region (UTR) of HCV RNA. The siNAs were 
screened in two cell culture systems dependent upon flie S'-UTR of HCV; one requires 

10 translation of an HCV/luciferase gene, while the other involves replication of a chimeric 
HCV/poliovirus (PV) (see Blatt et al., USSN 09/740,332, filed December 18, 2000, 
incorporated by reference herein). Two siNAs (29579/29586; 29578/29585) targeting the 
same region (shifted by one nucleotide) are active in both systems (see Figure 32) as 
* compared with inverse control siNA (29593/29600). For example, a >85% reduction in 

.15 HCVPV replication was observed in siNA-treated cells compared to an inverse siNA 
control (Figure 32) with an IC50 ^ --2.5 nM (Figure 33). To develop nuclease-resistant 
siNA for in vivo applications, siNAs can be modified to contain stabilizing chemical 
modifications. Such modifications include phosphorothioate linkages (P=S), 2*-0-methyl 
nucleotides, 2'~fluoro (F) nucleotides, 2*-deoxy nucleotides, universal base nucleotides, 5* 

20 and/or 3' end modifications and a variety of other nucleotide and non-nucleotide 
modifications, in one or both siNA strands. Several of these constructs were tested in the 
HCV/poliovirus chimera system, demonstrating significant reduction in viral replication 
(Figures 34-37). siNA constructs shown in Figures 34-37 are referred to by Sima/RPI#s 
that are cross referenced to Table m, which shows the sequence and chemical 

25 modifications of the constructs. siNA activity is compared to relevant controls (untreated 
cells, scrambled/inactive control sequences, or transfection controls). As shown in the 
Figures, siNA constructs of the invention provide potent inhibition of HCV RNA in the 
HCV/poliovirus chimera system. As such, siNA constructs, inlcuding chemically modified, 
nuclease resistant siNA molecules, represent an important class of therapeutic agents for 

30 treating chronic HCV infection. 
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growth, proliferation, apoptosis, morphology, angiogenesis, differentiation, migration, 
viral multiplication, drug resistance, signal transduction, cell cycle regulation, or 
temperature sensitivity or other process. First, a randomized siNA library is generated. 
These constructs are inserted into a vector capable of expressing a siNA from the library 
5 inside mammalian cells. Alternately, a pool of synthetic siNA molecules is generated. 

Reporter System 

In order to discover genes playing a role in the expression of certain proteins, such as 
proteins involved in a cellular process described herein, a readily assayable reporter system 
is constructed in which a reporter molecule is co-expressed when a particular protein of 

10 interest is expressed. The reporter system consists of a plasmid construct bearing a gene 
coding for a reporter gene, such as Green Fluorescent Protein (GFP) or other reporter 
proteins known and readily available in the art The promoter region of Ifae GFP gene is 
replaced by a portion of a promoter for the protein of interest sufficient to direct efficient 
transcription of the GFP gene. The plasmid can also contain a drug resistance gene, such as 

1 5 neomycin resistance, in order to select cells containing the plasmid. 

Host Cell Lines for Target Discovery 

A cell line is selected as host for target discov^. The cell line is preferably known 
to express the protein of interest, such that upstream genes controlling tiie expression of the 
protein can be identified when modulated by a siNA construct expressed therein. The cells 

20 preferably retain protein expression characteristics in culture. The reporter plasmid is 
transfected into cells, for example, using a cationic lq[>id formulation. Following 
transfection, tiie cells are subjected to limiting dilution cloning, for example, under 
selection by 600 p^g^mL Geneticin. Cells retaining the plasmid survive the Geneticin 
treatment and form colonies derived from singfle surviving cells. The resulting clonal cell 

25 lines are screened by flow cytometry for the capacity to upregulate GFP production. 
Treating the cells with, for example, sterilized M9 bacterial medium in which 
Pseudomonas aeruginosa had been cultured (Pseudomonas conditioned medium, PCM) is 
used to induce the promoter. The PCM is supplemented with phorbol myristate acetate 
(PMA). A clonal cell line highly responsive to promoter induction is selected as the 

30 reporter line for subsequent studies. 
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siNA Library Construction 

. A siNA library was constructed witti oligonucletides containing hairpin siNA 
constructs having randomized antisense regions and self complementary sense regions. 
The library is generated synthesizing siNA constructs having randomized sequence. 
5 Alternately, the siNA libraries are constructed as described in Usman et aL, USSN 
60/402,996 (incorporated by reference herein) Oligo sequence 5' and 3* of the siNA 
contains restriction endonuclease cleavage sites for cloning. The 3' trailing sequence 
forms a stem-loop for priming DNA polymerase extension to form a hairpin structure. The 
hairpin DNA construct is melted at 90°C allowing DNA polymerase to generate a dsDNA 
10 construct. The double-stranded siNA library is cloned into, for example, a U6+27 
transcription unit located in the 5' LTR region of a retroviral vector containing the human 
nerve growtti factor receptor (hNGFr) reporter gene. Positioning the .U6+27/siNA 
transcription \mit in the 5* LTR results in a duplication of the transcription unit when the 
vector integrates into the host cell genome. As a result, the siNA is transcribed by RNA 
15 polymerase HI from U6+27 and by RNA polymerase II activity directed by the 5' LTR. 
The siNA library is packaged into retroviral particles that are used to infect and transduce 
clonal cells selected above. Assays of the.-hNGFr reporter are used to indicate the 
percentage of cells that incorporated the siNA construct By randomized region is meant a 
region of completely random sequence and/or partially random sequence. By completely 
20 random sequence is meant a sequence wherein theoretically there is equal representation of 
A, T, G and C nucleotides or modified derivatives thereof, at each position in the sequence. 
By partially mndom sequence is meant a sequence wherein there is an imequal 
representation of A, T, G and C nucleotides or modified derivatives thereof, at each 
position in ihe sequence. A partially random sequence can therefore have one or more 
25 positions of complete randomness and one or more positions with defined nucleotides. 

Enrichingfor Non-responders to Induction 

Sorting of siNA library-containing cells is performed to enrich for cells that produce 
less reporter GFP after treatment with the promoter inducers PCM and PMA. Lower GFP 
production cancan be due to RNAi activity against genes involved in the activation of tiie 
30 mucin promoter. Alternatively, siNA can directly target the mucin/GFP transcript resulting 
in reduced GFP expression. 
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Validation of the Target Gene 

To validate a target as a regulator of protein expression, siNA reagents are designed 
to the target gene cDNA sequence from Genbank. The siNA reagents are complexed with 
a cationic lipid formulation prior to administration to cloned cells at appropriate 

5 concentrations (e.g., 5-50 nM or less). Cells are treated with siNA reagents, for example 
fiom 72 to 96 hours. Before the termination of siNA treatment, PCM (to 40 %) and PMA 
(to 50 nM), for example, are added to induce flie promoter. After twenty hours of induction 
die cells are harvested and assayed for phenotypic and molecular parameters. Reduced 
GFP expression in siNA treated cells (measured by flow cytometry) is taken as evidence 

10 for validation of the target gene. Knockdown of target RNA in siNA treated cells can 
correlate with reduced endogenous SNA and reduced GFP RNA to complete validation of 
the target 

Hxam ple 1 6z Screening siNA conistmcts for improved pharmacokinetics 

In a non-limiting example, siNA constructs are screened in vivo for improved 
IS pharmacokinetic properties compared to all RNA or unmodified siNA constructs. 
Chemical modifications are introduced into the siNA constmct based on educated design 
parameters (e.g., introducing 2'-mofications, base modifications, backbone modifications, 
terminal cap modifications, or covalently attached conjugates eto). The modified construct 
in tested in an appropriate system (e.g human serum for nuclease resistaiice, shown, or an 
20 aminal model for PK/delivery parameters). In parallel, the siNA construct is tested for 
RNAi activity, for example in a cell culture system such as a luciferase reporter assay). 
Lead siNA constructs are then identified which possess a particular characteristic while 
maintaining RNAi activity, and can be furflier modified and assayed once again. This same 
approach can be used to identify siNA-conjugate molecules with improved 
25 pharmacokinetic profiles, delivery, localized delivery, cellular uptake, and RNAi activity. 

Example 17: Indications 

The siNA molecules of the invention can be used to treat a variety of diseases and 
conditions through modulation of gene expression. Using the methods described herein, 
chemically modified siNA molecules can be designed to modulate the expression any 
30 number of target genes, including but not limited to genes associated with cancer. 
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metabolic diseases, infectious diseases such as viral, bacterial or fungal infections, 
neurologic diseases, musculoskeletal diseases, diseases of the immune system, diseases 
associated with signaling pathways and cellular messengers, and diseases associated with 
transport systems including molecular piunps and channels. 

5 Non-limiting examples of various viral genes that can be targeted using siNA 

molecules of the invention include Hepatitis C Virus (HCV» for example Genbank 
Accession Nos: D11168, DS0483.1, L38318 and S82227), Hepatitis B Virus (HBV, for 
example GenBank Accession No. AFl 00308.1), Human Immunodeficioicy Virus type 1 
(HIV-1, for example GenBank Accession No. US 1 188), Human bmnunodeficiency Virus 

10 type 2 (HIV-2, for example GenBank Accession No. X60667), West Nile Virus (WNV for 
example GenBank accession No. NCJ)01S63), cytomegalovirus (CMV for example 
GenBank Accession No. NC_001347), respiratory syncytial virus (RSV for example 
GenBank Accession No. NCJ001781), influenza virus (for example example GenBank 
Accession No. AF037412, rhinovirus (for example, GenBank accession numbers: D00239, 

15 X02316, X01087, L24917, M16248, K02121, X01087), papillomavirus (for example 
GenBank Accession No. NCjOO 1 353), Herpes Simplex Virus (HSV for example GenBank 
Accession No, NC_J)01345), and other viruses such as HTLV (for example GenBank 
Accession No. AJ430458). Due to the high sequence variability of many viral genomes, 
selection of siNA molecules for broad therapeutic applications would likely involve the 

20 conserved regions of the viral genome. Nonlimiting examples of conserved regions of the 
viral genomes include but are not limited to 5*-Non Coding Regions (NCR), 3*- Non 
Coding Regions (NCR) LTR regions and/or internal ribosome entry sites (IRES). siNA 
molecules designed against conserved regions of various viral genomes will enable 
efficient inhibition of viral replication in diverse patient populations and may ensure the 

25 effectiveness of the siNA molecules against viral quasi species which evolve due to 
mutations in the non-conserved regions of the viral genome. 

Non-limiting examples of human genes that can be targeted using siNA molecules of 
ihe invention usmg methods described herein include any human RNA sequence, for 
example tiiose commonly referred to by Genbank Accession Number. These RNA 
30 sequences can be used to design siNA molecules that inhibit gene expression and therefore 
abrogate diseases, conditions, or infections associated witihi expression of those genes. 
Such non-limiting examples of human genes that can be targeted using siNA molecules of 
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the invention include VEGF (for example GenBank Accession No. NM_003376.3), 

VEGFr (VEGFRl for example GenBank Accession No, XM_067723, VEGFR2 for 

example GenBank Accession No. AF063658), HERl, HER2, HBR3, and HER4 (for 

example Genbank Accession Nos: NM_005228, NMJ)04448, NMJ)01982, and 

5 NM_005235 respectively), telomerase (TERT, for . example GenBank Accession No. 

NM_003219), telomerase RNA (for example GenBank Accession No. U86046), 

NFkappaB, Rel-A (for example GenBank Accession No. NM_00S228), NOGO (for 

example GenBank Accession No. AB020693)» NOGOr (for example GenBank Accession 

No. XM_015620), RAS (for example GenBank Accession No. NM_004283), RAF (for 
« 

10 example GenBank Accession No. XMJ033884), CD20 (for example GenBank Accession 
No. X07203), METAP2 (for example GenBank Accession No. NMJ)032 19), CLCAl (for 
example GenBank Accession No. NMJ)01285), phospholamban (for example GenBank 
Accession No. NM_002667), PTPIB (for example GenBank Accession No. M31724), 
PCNA (for example GenBank Accession No. NMJ0O2S92.1), FKC-alpha (for example 

15 GenBank Accession No. NMJ)02737) and others. The genes described herein are 
provided as non-limiting examples of genes that can be targeted using siNA molecules of 
tfie invention. Additional examples of such genes are described by accession number in 
Beigelman et aL, USSN 60/363,124, filed March 11, 2002 and incorporated by reference 
heiein in its entirety. 

20 The siNA molecule of the invention can also be used in a variety of agricultural 

- .applications involving modulation of endogenous of exogenous gene expression in plants 
using siNA, including use as insecticidal, antiviral and anti-fungal agents or modulate plant 
traits such as oil and starch profiles and stress resistance. 

Example 18: Diagnostic uses 

25 The siNA molecules of the invention can be used in a variety of diagnostic 

applications, such as in the identification of molecular targets (e.g., RNA) in a variety of 
applications, for example, in clinical, industrial, environmental, agricultural and/or 
research settings. Such diagnostic use of siNA molecules involves utilizing reconstituted 
RNAi systems, for example, using cellular lysates or partially purified cellular lysates. 

30 siNA molecules of this invention can be used as diagnostic tools to examine genetic drift 
and mutations within diseased cells or to detect the presence of endogenous or exogenous. 
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for example viral, RNA in a cell. The close relationship between siNA activity and the 
structure of the target RNA allows the detection of mutations inany region of tfie molecule, 
which alters the base-pairing and three-dimensional structure of the target RNA. By using 
multiple siNA molecules described in this invention, one can map nucleotide changes, 
5 which are important to RNA structure and function in vitro, as well as in cells and tissues. 
Cleavage of target RNAs with siNA molecules can be used to inhibit gene expression and 
define the role of specified gene products in the progression of disease or infection. In this 
manner, other genetic targets can be defined as important mediators of the disease. These 
experiments will lead to better treatment of the disease progression by affording ihe 
10 possibility of combination therapies (e.g., multiple siNA molecules targeted to different 
genes, siNA molecules coupled with known small molecule inhibitors, or intermittent 
treatment with combinations siNA molecules and/or other chemical or biological 
molecules). Other in vitro uses of siNA molecules of this invention are well known in the 
art, and include detection of the presence of mRNAs associated with a disease, infection, or 
1 5 related condition. Such RNA is detected by determining the presence of a cleavage product 
after treatment with a siNA using standard methodologies, for example, fluorescence 
resonance emission transfer (FRET). 

In a specific example, siNA molecules that cleave only wild-type or mutant forms of 
the target RNA are used for the assay. The first siNA molecules (i.e. , those that d^ve only 
20 wild-type forms of target RNA) are used to identify wild-type RNA present in ibo sample 
and the second siNA niolecules (i.e., those that cleave only mutant forms of target RNA) 
are used to identify mutant RNA in the sample. As reaction controls, synthetic substrates of 
both wild-type and mutant RNA are cleaved by both siNA molecules to demonstrate the 
relative siNA efficiencies in the reactions and the absence of cleavage of the "non-targeted" 
25 RNA species. The cleavage products ft-om the synflietic substrates also serve to generate 
size markers for the analysis of wild-type and mutant RNAs in the sample population. 
Thus, each analysis requires two siNA molecules, two substrates and one unknown sample, 
which is combined into six reactions. The presence of cleavage products is determined 
using an RNase protection assay so that full-length and cleavage fragments of each RNA 
30 can be analyzed in one lane of a polyacrylamide gel. It is not absolutely required to 
quantify the results to gain insight into flie expression of mutant RNAs and putative risk of 
the desired phenotypic changes in target cells. The expression of mRNA whose protein 
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product is implicated in the development of the phenotype disease related or infection 
related) is adequate to establish risk. If probes of comparable specific activity are used for 
both transcripts, then a qualitative comparison of KNA levels is adequate and decreases the 
cost of the initial diagnosis. Higher mutant form to wild-type ratios are correlated with 
5 higher risk whether KNA levels are compared qualitatively or quantitatively. 

Example 19: Synthesis of siNA conjugates 

The introduction of conjugate moieties to siNA molecules of the invention is 
accomplished either during solid phase synthesis using phosphoramidite chemistiy 
described above, or post-synthetically using, for example, N-hydroxysuccinimide (NHS) 

10 ester coupling to an amino linker present in the siNA. Typically, a conjugate introduced 
during solid phase synthesis will be added to the 5 '-end of a nucleic acid sequence as the 
final coupling reaction in the synthesis cycle using the phosphoramidite approach. 
Coupling conditions can be optimized for high yield coupling, for example by modification 
of coupling times and reagent concentrations to effectuate efficient coupling. As such» tiie 

15 5 '-end of the sense strand of a siNA molecule is readily conjugated with a conjugate moiety 
having a reactive phosphorus group available for coupling (e.g., a compound having 
Formulae 1, 5, 8, 55, 56, 57, 60, 86, 92, 104, 110, 113, 115, 116, 117, 118, 120, or 122) 
using the phosphoramidite approach, providing a 5 '-terminal conjugate (see for example 
Figure 65). 

20 Conjugate precursors having a reactive phosphorus group and a protected hydroxyl 

group can be used to incorporate a conjugate moiety anywhere in the siNA sequence, such 
as in the loop portion of a'single stranded hairpin siNA construct (see for example Figure 
66). For example, using the phosphoramidite approach, a conjugate moiety comprising a 
phosphoramidite and protected hydroxyl (e.g., a compound having Formulae 86, 92, 104, 

25 1 13, 1 15, 1 16, 1 17, 118, 120, or 122 herein) is first coupled at the desired position witiun 
tiie siNA sequence using solid phase synthesis phosphoramidite coupling. Second, 
removal of the protecting group (e.g., dimethoxytrityl) allows coupling of additional 
nucleotides to the siNA sequence. This approach allows the conjugate moiety to be 
positioned anywhere within the ^iNA molecule. 

30 Conjugate derivatives can also be introduced to a siNA molecule post synflietically. 

Post synthetic conjugation allows a conjugate moiety to be introduced at any position 
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within the siNA molecule where an appropriate functional group is present (e.g., a C5 
alkylamine linker present on a nucleotide base or a 2'-alkylamine linker present on a 
nucleotide sugar can provide a point of attachment for an NHS-conjugate moiety). 
Generally, a reactive chemical group present in the siNA molecule is unmasked following 
5 synthesis, thus allowing post-synthetic coupling of the conjugate to occur. In a 
non-limiting example, an protected amino linker containing nucleotide (e.g., TFA 
protected C5 propylamine thymidine) is introduced at a desired position of the siNA during 
solid phase synthesis. Following cleavage and deprotection of the siNA, the ftee amine is 
made available for NHS ester coupling of the conjugate at tiie desired position wifliin the 
10 siNA sequence, such as at the 3'-end of the sense and/or antisense strands, ihe 3' and/or 
5*-end of the sense strand, or wittiin the siNA sequence, such as in the loop portion of a 
single stranded haiipin siNA sequence. 

A conjugate moiety can be introduced at dififerent locations within a siNA molecule 
using both solid phase synthesis and post-synthetic coupling approaches. For example, 

IS solid phase synthesis can be used to introduce a conjugate moiety at the S'-md of tiie siNA 
(e.g., sense strand) and post-synthetic coupling can be used to introduce a conjugate moiety 
at the 3'-end of the siNA (e.g., sense strand and/or antisense strand). As such, a siNA sense 
strand having 3' and 5' end conjugates can be synthesized (see for example Figure 65). 
Conjugate moieties can also be introduced in other combinations, such as at the 5 '-end, 

20 3 '-end and/or loop portions of a siNA molecule (see for example Figure 66). 

Example 20: Phamacokinetics of siNA conjugates (Figure 67) 

Three nuclease resistant siNA molecule targeting site 1 580 of hepatitis B virus 
(HBV) RNA were designed using Stab 7/8 chemistry (see Table IV) and a S'-terminal 
conjugate moiety. 

25 One siNA conjugate comprises a branched cholesterol conjugate linked to the sense 

strand of the siNA, The ''cholesterol** siNA conjugate molecule has the structure shown 
below: 
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9* 

^l^-^^-'^^^s^ SENSE STRAND (SEQ DO NO: 390) 



O- 

o 



— Ta B uGuGa4cuucGbuuc;^ccuTT B 
TsTAcAcGuGAAGcGAAGuGGA 

ANTISENSE STRAND (SEQ ID NO: 391) 



where T stands for fhymidine» B stands for inveited deoxyabasic, G stands for 
2'-deoxy guanosine, A stands for 2'-deoxy adenosine, G stands for 2'-0-mefhyl giianosine, 
S A stands for 2'-0*mefhyl adenosine, u stands for 2'-fluoro uridine, c stands for 2'-fluoro 
cytidine, a stands for adenosine, and s stands for phosphorothioate linkage. 

Another siNA conjugate comprises a branched phospholipid conjugate linked to the 
sense strand of the siNA. The ^'phospholipid** siNA conjugate molecule has the stmcture 
shown below: 

o- 

C18H37 0-^—0^ SENSE STRAND (SEQ ID NO: 392) 

O I 

Ta B uC7uGa4cuacGcuuCi4ccuTT B 

O- J TsTAcAcGuGAAGcGAAGuGGA 

C1BH37 — o-p-o-" 

10 ^ ANTISENSE STRAND (SEQ ID NO: 391) 

where T stands for fliymidihe, B stands for inverted deoxyabasic, G stands for 
2'-deoxy guanosine, A stands for 2'~deoxy adenosine, G stands for 2*-0-methyl guanosine, 
A stands for 2'-0-methyl adenosine, u stands for 2'-fluoro iiridine, c stands for 2'-fluoro 
IS cytidine, a stands for adenosine, and s stands for phosphorothioate linkage. 

Another siNA conjugate comprises a polyethylene glycol (PEG) conjugate linked to 
&e sense strand of the siNA. The 'TEG" siNA conjugate molecule has the structure shown 
below: 
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(HjC)* N OH 

PEG-Kzo O-T^ SENSE STRAND PEQ ID NO: 393) 

° ? 

^— O— a B uGuGc^cuucGcuuCi^ccuTT B 

O TsTAcAcGuGAAGcGAAGuGGA 

ANTISENSE STRAND (SEQ ID NO: 391) 

where T stands for tiiymidine, B stands for inverted deoxyabasic, G stands for 
2'-deoxy guanosine, A stands for 2'-deoxy adenosine, G stands for 2'-0-mefhyl giianosine» 
5 A stands for 2'-0-methyl adenosine, u stands for 2'-fluoro uridine, c stands for 2'-fluQFO 
cytidine, a stands for adenosine, and s stands for phosphorottiioate linkage. 

The Cholesterol, Phospholipid, and PEG conjugates were evaluated for 
pharmakokinetic properties in mice compared to a non-conjugated siNA construct having 
matched chemistry and sequence. This study was conducted in female CI>1 mice 
10 approximately 26 g (6-7 weeks of age). Animals were housed in groups of 3. Food and 
water were provided ad libitum. Temperature and humidity were according to 
Pharmacology Testing Facility performance standards (SOP's) which are in accordance 
with the 1996 Guide for the Care and Use of Laboratory Animals (NRC). Animals were 
acclimated to the facility for at least 3 days prior to experimentation. 

15 Absorbance at 260 nm was used to determine the actual concentration of the stock 

solution of pre-aimealed HB V siNA. An appropriate amount of HE V siNA was diluted in 
sterile veterinary grade normal saline (0.9%) based on the average bod/ weight of the mice. 
A small amount of tibe antisense (Stab 7) strand was internally labeled with gamina 
32P-ATP. . The 32P-labeled stock was combined with excess sense strand (Stab 8) and 

20 aimealed. AnneaUng was coiiiSnned prior to combination with unlabled drug. Each mouse 
received a subcutaneous bolus of 30 mg/kg (based on duplex) and approximately 10 
million cpm (specific activity of approximately IS cpm/ng). 

Three animals per timepoint (1 , 4, 8, 24, 72, 96 h) were euthanized by C02 inhalation 
followed inunediately by exsanguination. Blood was sampled from the heart and collected 
25 in heparinized tubes. After exsanguination, animals were perfused with 10-15 nciL of sterile 
veterinary grade saline via the heart. Samples of liver were then collected and frozen. 
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Tissue samples were homogenized in a digestion buffer prior to compound 
quantitation. Quantitation of intact compound was determined by scintillation counting 
followed by PAGE and phosphorimage analysis. Results are shown in Figure 43. As 
shown in the figure, the conjugated siNA constructs shown vastly improved liver PK 
5 compared to the unconjugated SiNA construct 

Example 21 : C^ll niltme of siMA «> oniugates PRi^ ^ 

The Cholesterol conjugates and Phospholipid conjugated siNA constructs described 
in Example 20 above were evaluated for cell culture efficacy in a HBV cell culture system. 

Transfection ofHepGl Cells with psHBV-1 and siNA 

The human hepatocellular carcinoma cell line Hep G2 was grown in Dulbecco's 
modified Eagle media supplemented with \0Vo fetal calf serum. 2 mM glutamine, 0.1 mM 
nonessential amino acids, 1 mM sodium pyruvate. 25 mM Hepes. 100 units peniciUin. and 
100 ng/ml streptomycin. To generate a replication competent cDNA. prior to liansfection 
the HBV genomic sequences are excised from the bacterial plasmid sequence contained in 
thepsHBV-1 vector. Other methods known in the art can be used to generate a replication 
competent cDNA. ™s was done with an EcoRI and Hind HI restriction digest Following 
completion of the digest, a Hgation was performed under dilute conditions (20 pg/ml) to 
fevor intermolecular Ugation. The total ligation mixture was then concentrated using 
Qiagen spin columns. 

20 SiNA Activity Screen and Dose Response Assay 

Transfisction of the human hepatoceUular carcinoma cell line. Hep G2 with 
repKcation-competent HBV DNA results in the expression of HBV proteins a^d tfie 
production of virions. To test the efficacy of siNA conjugates targeted against HBV RNA. 
the Cholesterol siNA conjugate and Phospholipid siNA conjugate described in Example 1 2 
were compared to a non^njugated control siNA (see Figure 68). An inverted sequence 
duplex was used as a negative control for the unconjugated siNA. Dose response studies 
wen. performed in which HBV genomic DNA was transfected with HBV genomic DNA 
wiflilipidatl2.5ug/mlintoHepG2cells. 24 hours after transfection with HBV DNA cell 
culture media was removed and siNA duplexes were added to ceUs without lipid at 1 o'uM 
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5, uM, 2.5 uM, 1 uM, and 100 nm and the subsequent levels of secreted HBV surface 
antigen (HBsAg) were analyzed by ELISA 72 hours post treatment (see Figure 44). To 
determine siNA activity, HbsAg levels were measured following transfection with siNA. 
Immulon 4 (Dynax) microtiter wells were coated ovemigiht at 4^ C with anti-HBsAg Mab 
5 (Biostride B88-95-3 lad,ay) at 1 jig/ml in Carbonate Buffer (Na2C03 1 5 mM, NaHC03 35 
mM, pH 9,5). The wells were flien washed 4x with PBST (PBSy 0.05% Tween® 20) and 
blocked for 1 hr at 37** C with PBST, 1% BSA. Following washing as above, the wells 
were dried at 37** C for 30 min. Biotinylated goat ant-HBsAg (Accurate YVS1807) was 
diluted 1:1000 in PBST and incubated in flie wells for 1 hr. at 37** C. The wells were 

10 washed 4x with PBST. Streptavidin/Alkaline Phosphatase Conjugate (Pierce 21324) was 
diluted to 250 ng/ml in PBST, and incubated in the wells for 1 hr. at 37*=^ C. After washing 
as above, p-nitrophenyl phosphate substrate (Pierce 37620) was added to tiie wells, which 
were flien incubated for 1 hour at 37** C. The optical density at 405 nm was then 
determined. As shown in Figure 68, the phospholipid and cholesterol conjugates 

15 demonstrate marked dose dependent inhibition of HBsAg expression compared to the 
unconjugated siNA construct when delivered to cells without any transfection agent (lipid). 

Example 22: Ex vivo stability of siNA constructs 

Chemically modified siNA constructs were designed and synthesized in order 
to improve resistance to nucleases while maintaining silencing in cell culture systems. 

20 Modified strands, designated Stab 4, Stab 5, Stab 7, Stab 8, and Stab 1 1 (Table FV), were 
tested in three sets of duplexes that demonstrated a range of stability and activity. These 
duplexes contained differentially modified sense and antisense strands. All modified sense 
strands contain terminal 5' and 3' inverted abasic caps, while antisense strands possess a 3' 
terminal phosphorothioate linkage. The results characterize the impact of chemical 

25 modifications on nuclease resistance in ex vivo models of the environments sampled by 
drugs. 

Active siNAs were assessed for their resistance to degradation in serum and liver 
extracts. Stability in blood will be a requirement for a systemically administered siNA, and 
an anti-HBV or anti-HCV siNA would require stability and activity in tiie hepatic 
30 intracellular environment. liver extracts potentially provide an extreme nuclease model 
where many catabolic enzymes are present Both mouse and human systems were assessed. 
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Individual strands of siNA duplexes were internally labeled with 32P and incubated 
as single strands or as duplex siRNAs in human or mouse serum and liver extracts. 
Representative data is shown in Table VI. Throughout the course of the experiments, 
constant levels of ribonuclease activity were verified. The extent and pattern of all-RNA 
5 siNA degradation (3 minute time point) did not change following preincubation of serum or 
liver extract at ZT C for up to 24 hours. 

The biological activity of siSNAs containing all-ribose residues has been well 
established. The extreme instability (tl/2 = 0.017 hours) of these compounds in serum 
underscores the need for chemical modification for use in systemic tfierapeutic applications. 

10 The Stab 4/S duplex modifications provide significant stability in human and mouse serum 
(tl/2's 10 — 408 hours) and human liver extract (tl/2*s — 28 - 43 hours). In human serum 
tiie Stab 4 strand chemistry in the context of the Stab 4/5 duplex, possesses greater stability 
than the Stab 5 strand chemistry (t 1/2 » 408 vs. 39 hours). This result highlights the impact 
terminal modifications have on stability. A fiiUy-modified Stab 7/11 construct (no 

IS ribonucleotides present) was generated fix>m the Stab 4/5 constmcts by substituting the 
ribonucleotides in all purine positions with deoxyribonucleotides. Another fully modified 
construct. Stab 7/8, was generated by replacing all purine positions in the antisense strand 
with 2'-0-methyl nucleotides. This proved to be the most stable antisense strand chemistry 
observed, with tl/2 = 816 hours in human liver extract. 

20 The dramatic stability of Stab 8 modifications was also observed when non-duplexed 

singfle strands were incubated in human serum and liver extract, as shown in Table Vn. An 
approximate five-fold increase in senim stability is seen for flie double stranded constmcts, 
compared to that observed for the individual strands. In liver extract, the siNA duplex 
provides even greater stability compared to flie single strands. For example, the Stab 5 

25 chemistry is greater tfian 1 00-fold more stable in the Stab 4/5 duplex relative to its stability 
alone. 
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Terminal modifications have a large impact on stability in human serum, as can be 
seen from a comparison of sense verses antisense stabilities in duplex form, and the Stab 4 
and Stab 5 single-strand stabilities. Therefore, a number of 3* antisense capping moieties 
on Stab 4/5 chemistry duplexes were assessed for their contribution to stability in human 
5 serum. The structures of these modifications are shown in Figure 22, and resultant 
half-lives are shown in Table Vm. A wide range of different stabilities were observed, 
fix>m half-lives as short as one hour to greater tiian 770 hours. Thus, in the context of 
2'-fluoro modified pyrimidines, 3'-exonuclease becomes the primary mode of attack on 
duplexes in himian serum; a number of chemistries minimize this site of attack. These 
10 results suggest that susceptibility to 3' exonucleases is a major path to degradation in the 
serum. 

Example 23: Activity of siNA molecules delivered via hvdrodvnamic injection 

An in vivo mouse model that utilizes hydrodynamic tail vein injection of a replication 
competent HBV vector has been used to assess the activity of chemically stabilized siKNA 

15 targeted to HBV RNA. Hie hydrodynamic delivery of nucleic acids in the mouse has been 
described by Liu et al, 1999, Gene Uierapy, 6, 1258-1266, who showed that the vast 
majority of the nucleic acid is delivered to the liver by this technique. The use of the 
hydrodynamic technology to develop a HBV mouse model has been described by Yang et 
aL, 2002, PNASy 99, 13825-13830. In the vector-based model, HBV replicates in the liver 

20 for approximately 10 days, resulting in detectable levels of HBV RNA and antigens in the 
liver and HBV DNA and antigens in the serum. 

To assess the activity of chemically stabilized siNAs against HBV, co-injection of 
the siNAs along vnih the HBV vector was done in mouse strain GS7BL/J6. The HBV 
vector used, pWTD, is a head-to-tail dimer of the complete HBV ^nome (see for example 

25 Buckwold et al, 1996, J. Virology^ 70, 5845-5851). For a 20 gram mouse, a total injection 
of 1.6 ml containing 10 /ig or 1 ftg of pWTD and 100 jug of siNA duplex in saline, was 
injected into the tail vein within 5 seconds. For a larger mouse, the volume is scaled to 
maintain a level of 140% of tiie blood volume of the mouse. The injection is done using a 3 
cc syringe and 27gl/2 needle. The animals were sacrificed at 72 hrs post-injection. 

30 Animals were treated with siNA constructs and matched chemistry inverted controls. 
Analysis of the HBV DNA (Figure 80) and HBsAg OB'igure 81) levels in serum was 
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conducted by real-time PGR and ELISA respectively. The levels of HBV RNA in the liver 
(Figure 82) were analyzed by real-time RT-PCR. In a separate experiment, analysis of 
^ HBV DNA levels in senmi was carried out at 5 days and 7 days (Figure 83) after 
co-injection of siNA and the HBV vector. 

5 This same model was used to evaluate the efficacy of siNA formulated with 

polyefhyleneimine polyethylene glycol tri-N-acetyl-galactosamine (PEI-PEG-tiiGAL, 
Figure 93). Active siNA (Compound # 31335/31337) formulations were compared to 
inactive inverted control siNA (Compound # 3 1336/3 1338) formulations. In order to allow 
recovery of the liver from the disruption caused by HDI, systemic dosing was started 96 hrs 
10 post-HDI. Each group received two days of dosing, and &e animals were then sacrificed 
24 hrs after the last dose. Animals were dosed witii siNA formulated with PEI-PEG-lriGal 
at siNA concentrations of 0.1, 0.3, and 1,0 mg/kg^day. Analysis of the HBV DNA (Figure 
91) and HBsAg (Figure 92) levels in serum was conducted by real-time PCR and EUSA 
respectively. Thelevelsof HBV RNA in the liver are analyzed by real-tfaneRT-PCR. As 

15 shown in the figures, the active PEI-PEG-triGAL siNA formulation shows significant 
inhibition of HBV DNA and HBsAg levels in serum compared to the inactive formulation. 

Example 23: In vivo activity of svstemicallv dosed siNA molecules delivered via 
intravenous administration 

Once the in vivo potency modified siNA against HBV was demonstrated by 
20 co-administration by HDI as described above, the level of anti-HBV activity of the 
molecule sfystemically dosed via conventional intravenous injection was investigated 
following the HDI delivery of &e HBV vector. Since there have been reports of initial liver 
damage following hydrodynamic injection, dosing of siNAs was begun 72 hours post HDI. 
Examination of botii liver ALT/AST levels and histopa&ology following HDI confirmed 

25 reports in the literature that the liver returns to near normal status by 72 hrs after the initial 
HDI induced injury (data not shown). To assess in vivo activity of systemically dosed siNA, 
0.3 ug of the pWTD HBV vector was HDI administered, and 72 hours later the siNA or 
inverted controls were dosed via standard intravenous injection at 30, 10, or 3 ug/kg TED 
for 2 days. The animals were sacrificed 18 hours after the last dose and levels of serum 

30 HBV DNA were examined. Figure 102 shows loglO copies/ml of serum HBV DNA for 
the siNA (Stab 7/8 33214/33254, Table III), inverted control (Stab 7/8 33578/33579, Table 
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m), and saline treated groups. A dose dependent reduction in serum HBV DNA levels was 
observed in the siNA treated groups in comparison to the inverted control or saline groups. 
A statistically significant (P< 0.01) reduction of 0.93 log was observed in the 30mg/kg 
group as compared to the saline group. This result demonstrates in vivo activity of a 
5 systemically administered siNA. Figure 103 shows activity of a fully stabilized siNA 
(Stab Active - 33214/33254, Table HI) construct compared to a matched chemistry 
inverted control (Stab Inv = 33578/33579, Table m), an all RNA siNA construct having 
identical sequence (RNA active) and a corresponding all RNA inverted control (RNA Inv) 
in the HBV Co-HDI mouse model described above. A hydrodynamic tail vein injection 

10 (HDI) containing 1 ug of the pWTD HBV vector and 0, 0.03, 0. 1 , 0.3 or 1 .0 ug of siNA was 
performed on C57BL/J6 mice. Active siNA duplexes and inverted sequence controls in 
both native RNA and stabilized chemistry were tested. The levels of serum HBV DNA and 
HBsAg were measured 72 hrs post injection. A dose dependent reduction in both HBV 
DNA and HBsAg levels was observed with both ihe native RNA and stabilized siNAs. 

1 5 However, the magnitude of the reduction observed in the stabilized siNAs treated groups 
was 1.5 log greater for both endpoints at tfie high dose level. Figure 103A shows results 
for HBV serum DNA levels. Figure 103B shows results for serum HBsAg levels, and 
Figure 103C shows results for liver HBV RNA levels in this study. 

am ple 24: Activity screens using chemicallv modified siNA 

20 Two formats can be used to identify active chemically modified siNA molecules 

against target nucleic acid molecules (e.g., RNA). One format involves screening 
unmodified siNA constructs in an appropriate system (e.g., cell culture or animal models) 
then appljong chemical modifications to the sequence of identified leads and rescreening 
ttie modified constructs. Another format involves direct screening of chemically modified 

25 constructs to identify chemically modified leads (see for sample tiie Stab 7/8 HCV screen 
shown in Figure 86 and the Stab 7/8 HBV screen shown Figure 87, as described above). 
The latter approach can be usefiil in identifying active constructs that are specific to various 
combinations of chemical modifications (e.g.. Stab 1-18 chemistries shown in Table V 
herein). Additionally, different iterations of such chemical modifications can be assessed 

30 using active chemically modified leads and appropriate rules for selective active constructs 
given a particular chemisty can be established using this approach. Non-limiting examples 
of such activity screen are described below. 
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Activity screen of Stab 7/8 constructs targeting luciferase UNA 

HeLa cells were co-tnmsfected witfi pGF3 vector (2S0ng^well), renilla luciferase 
vector (10 ng/well) and siNA (0.5 - 25 nM) using 0.5 ul lipofectamine2000 per well. 
Twenty-four hours post-transfection, ihc cells were assayed for luciferase activity using the 

5 Promega Dual Luciferase Assay Kit per the manufacturer's instruction. siNA constructs 
having high levels of activity were identified and tested in a dose response assay with 
concentrations ranging from 0.5 to 25 nM. Results for siNA constructs targeting sites 80, 
237» and 1478 are shown in Figure 84 and sites 1 544 and 1607 are shown in Figure 85. As 
shown in the Figures, several active Stab 7/8 constructs were identified that demonstrate 

1 0 potent dose related inhibition of luciferase expression. 

Activity screen of combination siNA constructs targeting HBVKN A in HepG2 cells 

I 

The HBV HepG2 cell culture system described in Example 13 above was utilized to 
evaluate the efficacy of various combinations of chemical modifications (Table V) in the 
sense strand and antisense strand of siNA molecules as compared to matched chemistiy 

15 inverted controls. To determine siNA activity, HbsAg levels were measured following 
trans&ction with siNA. Immulon 4 (Dynax) microtiter wells were coated overnight at 4® C 
with anti-HBsAg Mab (Biostride B88-95-31ad,ay) at 1 iig/wl in Carbonate Buffer 
0Sra2CO3 15 mM, NaHC03 35 mM, pH 9.5). The wells were then washed 4x with PBST 
(PBS, 0.05% Tween® 20) and blocked for 1 hr at 37» C with PBST, 1% BSA. Following 

20 washing as above, the wells were dried at 37** C for 30 min. Biotuiylated goat ant-HBsAg 
(Accurate YVS1807) was diluted 1:1000 in PBST and incubated inihe wells for 1 hr. at37** 
C. The wells were washed 4x wiA PBST. Streptavidin/Alkaline Phosphatase Conjugate 
(Pierce 21324) was diluted to 250 ng/ml in PBST, and incubated in the wells for 1 hr. at 37'' 
C. After washing as above, p-nitrophenyl phosphate substrate (Pierce 37620) was 

25 added to the wells, which were then incubated for 1 hour at 37( C. The optical 
density at 450 nm was then determined. Results of the combination HBV siNA 
screen are shown in Figures 88-90. As shown in the Figures, the various 
combinations of differing sense and antisense chemistries (e.g., sense/ antisense 
constructs having Stab 7/8, 7/10, 7/11, 9/8, 9/10, 6/10, 16/8, 16/10, 18/8, 18/10, 

30 4/8, 4/10, 7/5, 9/5, and 9/11 chemistry) result in active siNfA constructs. 
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Example 25: Duplex Forming oligonucleotide mediated inhibition of gene expression 

^ Palindromic Frequency Determination 

In designing DFO constructs, the search for palindromic sites in target sequences can 
provide target sites well suited for DFO mediated inhibition of gene expression, as opposed 
5 to randomly screening sites for activity with non-DFO oligonucleotides. The length of 
palindrome can define the overall length of the DFO. The probability of the occurrence of 
various palindromes was calculated ranging from 6 nucleotides to 14 nucleotides in an 
artificially generated 200K-gene sequence via a MICROSOFT EXCEL algorithm (see 
Figure 107). The simulation revealed that 6-mer palindromes typically occur once for every 

10 given 64-nucleotide sequence. An 8-mer palindrome was found to occur once for every 
2S0*nucleotide sequence. These calculated frequencies matched well wifli the observed 
frequencies of palindrome in defined taxet sequences. This allowed the esthnation that 
approximately 78 6-mer palindromes should exist on average in any givent SK gene. 
Evaluation for the iiresence of 6-mer palindromes in various genes resulted in a large 

IS number of palindromic sites identified (see Figure 108). This algorithm considers only the 
Watson-Crick base pairs and excludes the presence of any mismatohed and wobble base 
pairs, bicluding mismatches, wobble pairs and non-Watson-Crick base pairs can result in a 
large number of semi-palindromic sites suitable for the design of minimal duplex forming 
oligonucleotides. 

•20 To test the hypothesis that palindromic sites could be used for design and search for 

self-complementary oligos capable of inducing RNAi in mammalian cells, we randomly 
selected 12 paindromic sites in mTGFbRl gene. These sites were included in the design of 
single strand siRNA as described previously. None of these siRNAs contained TT 
overhangs in duplex form but contained an inverted abasic nucleotide to protect from 

25 3'-exonucleases. Analysis of fliese DFOs for the RNAi response in E147Ts cells resulted in 
4 out of 12 sequences ttiat reduced mRNA levels to less than or equal to 40% at 25 nM 
concentration. Retesting the active sequences on a different day resulted in mRNA knock 
down by approximately 80%. 

Identification of 4 active DFOs out of 12 is of the same order as the screening of 
30 standard 21 bp siRNA duplexes for RMAi response. This indicates that self-complenientary 
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oligos could be an alternative for fhe design of second-generation drugs based on RNAi 
mechanism. 

Self complementary DFO constructs taigeting VEQFRl 

f Using the methods described herein,, self complementary DFO constmcts 

5 comprising palindrome or repeat nucleotide sequences were designed against VEGFRl 
target RNA. These DFO constmcts utilized the identification of palindromic or repeat 
sequences in a target nucleic acid sequence of interest, generally tiiese palindrome/repeat 
sequences comprise about 2 to about 12 nucleotides in length were are selected to originate 
at the S'-region of the target nucleic acid sequence. A nucleotide sequence tiiat was 

10 complementary to target nucleic acid sequence adjacent (3') to the palindrome/repeat 
sequence was incorporated at the 5'-end of the palindrome/repeat sequence in the DFO 
molecule. Lasfly, a nucleic sequence that was inverse repeat of the sequence at the 5' end 
of the palindrome/repeat sequence was inserted at the 3' end of the palindrome/repeat 
sequence such that the full length DFO sequence comprised self complementary sequence. 

1 S This design of DFO construct allows for the formation of a duplex oligonucleotide in which 
both strands comprise the same sequence (e.g., see Figure 94). Generally, the longer the 
repeat identified in the target nucleic acid sequence, the shorter tiie resulting DFO sequence 
will be. For example, if the target sequence is 17 nucleotides in length and there is no 
repeat found in tiie sequence, the resulting DFO construct will be, for example, 17 + 0 + 17 

20 = 34 nucleotides in length. The first 17 nucleotides represent sequence complementary to 
the target nucleic acid sequmce, tiie 0 represents the lack of a palindrome sequence, and the 
second 17 nucleotides represent inverted repeat sequence of the first 17 nucleotides. If a 2 
nucleotide repeat is utilized, the resulting DFO construct will be, for example, 15+2+15 = 
32 nucleotides in length. If a 4 nucleotide repeat is utilized, the resulting DFO construct 

25 will be, for example, 13 + 4 + 13 = 30 nucleotides in length. If a 6 nucleotide repeat is 
utilized, the resulting DFO construct will be, for example^ 11+6+ 11== 28 nucleotides in 
lengtii. If a 8 nucleotide repeat is utilized, the resulting DFO construct will be, for example, 
9 + 8 + 9 = 26 nucleotides in length. If a 10 nucleotide repeat is utilized, the resulting DFO 
construct will be, for example, 7 + 10 + 7 = 24 nucleotides in length. If a 12 nucleotide 

30 repeat is utilized, flie resulting DFO construct will be, for example, 5 +12 + 5 = 22 
nucleotides in length and so forth. Thus, for each nucleotide reduction in the target site, the 
DFO length can be shortened by 2 nucleotides. These same principles can be utilized for a 
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tar^t site having diffeient length nucleotide sequences, such as laiget sites comprising 14 * 
to 24 nucleotides. In addition, various combinations of 5' and 3' overhang sequences (e.g., 
TT) can be introduced to the DFO constructs designed with palindrome/repeat sequences. 
Furthermore, palindrome/repeat sequences can be added to the S*-end of a DFO sequence 
5 having complraientarity to any target nucleic acid seqiience of interest, enabling self 
complementary palindrome/repeat DFO constructs to be designed against any target 
nucleic acid sequence (see for example Figures 95-96). 

Self complementary DFO palindrome/repeat sequences shown in Table I 
(compound # 32808, 32809, 32810, 32811, and 32812) were designed against VEGFRl 

10 RNA targets and were screened in cell culture experiments along with chemically modified 
siNA constructs (compound #s 32748/32755, 33282/32289, 31270/31273) with known 
activity with matched chemistry inverted controls (compound #s 32772/32779, 
32296/32303, 31276/31279) and untreated cells along with a trasfection control (LF2K), 
see Figure 105. HAEC cells were transfected with 0.25 ug/well of lipid complexed with 

15 25 nM DFO targeting VEGFRl site 1229. Cells were incubated at 37^ for 24h in the 
continued presence of the DFO transfection mixture. At 24h, RNA was prepared from each 
well of treated cells. The supematants with the transfection mixtures were first removed 
and discarded, then the cells were lysed and RNA prepared from each well. Target gene 
expression following treatment was evaluated by RT-PCR for the VEGFRl mRNA and for 

20 a control gene (36B4, an RNA polymerase subunit) for normalization. Compound # 32812, 
a 29 nucleotide self complementary DFO construct targeting VEGFRl site 1229 displayed 
potent inhibition of VEGFRl RNA expression in this system (see for example Figure 105). 

Sdf complementary DFO constructs targeting HBVRNA 

Self complementary DFO constmcts comprising palindrome or repeat nucleotide 
25 sequences (see Table I) were designed against HBV target RNA and were screened in 
HepG2 cells. Transfection of flie human hepatocellular carcinoma cell line. Hep G2, with 
replication-competent HBV DNA results in the expression of HBV proteins and the 
production of virions. The human hepatocellular carcinoma cell line Hep G2 was grown in 
Dulbecco's modified Eagle media supplemented with 10% fetal calf serum, 2 mM 
30 glutamine, 0.1 mM nonessential amino acids, 1 mM sodium pyruvate, 25 mM Hepes, 100 
units penicillin, and 100 ^g/ml streptomycin. To generate a replication competent cDNA, 
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prior to transfection flie HBV genomic sequences are excised from fiie bacterial plasmid 
sequence contained in the psHBV-1 vector. Other methods known in the art can be used to 
generate a replication competent cDNA. This was done with an EcoRI and Hind m 
restriction digest Following completion of &e digest, a ligation was performed under 
5 dilute conditions (20 ^g/ml) to favor intermolecular ligation. The total ligation mixture 
was then concentrated using Qiagen spin columns. 

To test the efficacy of DFOs targeted against HBV ENA, DFO duplexes tar^ting 
HBV pregenomic RNA were co-transfected with HBV genomic DNA once at 25 nM with 
lipid at 12.5 ug/ml into Hep G2 cells, and the subsequent levels of secreted HBV surface 

10 antigen (HBsAg) were analyzed by ELISA. A DFO construct comprising self 
complementaiy sequence (compoimd # 32221) was assayed with a chemically modified 
siNA targeting HBV site 1580 (compound # 31335/31337), a corresponding matched 
chemistry inverted control (compound # 31336/31338), and untreated cells. The self 
complementary DFO construct was tested both as a preannealed duplex (compound # 

.15 32221) or as a single stranded hairpin (compound # 32221 fold), as confirmed by gel 
electrophoresis, (see Figure 106). Immulon 4 (Dynax) microtiter wells were coated 
overnight at 4° C with anti-HBsAg Mab (Biostride B88-95-31ad,ay) at 1 iig/ml in 
Carbonate Buffer (Na2C03 15 mM, NaHC03 35 mM, pH 9.5). The wells were then 
washed 4x with PBST (PBS, 0.05% Tween® 20) and blocked for 1 hr at 37° C witii PBST, 

20 1% BSA. Following washing as above, the wells were dried at 37( C for 30 min. 
Biotinylated goat anti-HBsAg (Accurate YVS1807) was diluted 1:1000 in PBST and 
incubated in the wells for 1 hr. at 37( C. The wells were washed 4x with PBST. 
Streptavidin/Alkaline Phosphatase Conjugate (Pierce 21324) was diluted to 250 ng/ml in 
PBST, and incubated in the wells for 1 hr. at 37( C. After washing as above, p-nitrophenyl 

25 phosphate substrate (Pierce 37620) was added to the wells, which were then incubated for 1 
hour at 37( C. The optical density at 450 nm was then determined. As shown in Figure 106, 
the self complementary DFO construct 32221 in duplex form shows significant inhibition 
ofHBsAg. 

Self complementaiy DFO constructs targeting TGF-beta receptor RNA 

30 Using the methods described herein,, self complementary DFO constmcts 

comprising palindrome or repeat nucleotide sequences were designed against TGF-beta 
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receptor target RNA. Self complementary DFO palindrome/iepeat sequences shown in 
Table I (e.g., compomid # 35038, 35041, 35044, and 35045) were designed against 
TGF-beta receptor RNA targets and were screened in cell culture experiments and 
irrelevant controls (Control 1, Control 2) and untreated cells along with a trasfection 

5 control (LF2K), see Figure 109. NMuMg cells were transfected with 0.5 uliwell of lipid 
complexed with 25 and 100 nM DFO. Cells were incubated at 37'' for 24h in the continued 
presence of the DFO transfection mixture. At 24h, RNA was prepared fix>m each well of 
treated cells. The supematants with the transfection mixtures were first removed and 
discarded, then the cells were lysed and RNA prepared from each well. Target gene 

10 expression following treatment was evaluated by RT-PCR for the TGF*beta receptor 
mRNA and for a control gene (36B4, an RNA polymerase subunit) for normalization. As 
shown in Figure 109, the DFO constructs displayed potent inhibition of TGF-beta receptor 
RNA expression in this system. 

Example 26: Multifunctional siNA mediated inhibition of gene expression 

1 5 Multifunctional siNA design 

Once target sites have been identified for multifunctional siNA constructs, each 
strand of the siNA is designed with a complementary region of length, for example, 
between about 18 and about 28 nucleotides, that is complementary to a different target 
nucleic acid sequence. Each complementary region is designed with an adjacent flanking 

20 region of about 4 to about 22 nucleotides that is not complementary to the target sequence^ 
but which comprises complementarity to the complementary region of the other sequence 
(see for example Figure 96). Hairpin constructs can likewise be designed (see for example 
Figure 97). Identification of complementary, palindrome or repeat sequences that are 
shared between the different target nucleic acid sequences can be used to shorten the 

25 overall length of the multifunctional siNA constructs (see for example Figures 98 and 99). 

In a non-limiting example, a multifunctional siNA is designed to target two separate 
nucleic acid sequences. The goal is to combine two different siNAs together in one siNA 
that is active against two different targets. The siNAs are joined in a way that the 5* of each 
strand starts with the "antisense" sequence of one of two siRNAs as shown in italics below. 
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3* TTAGAAACCAGACGUAAGUGUGGUACGACCUGACGACCGU 5'SEQID 
NO: 1124 

5* UCUUUGGUCUGCAUUCACAC CAUGCUGGACUGCUGGCATT3' SEQ ID 
NO: 1125 

S RISC is expected to incorporate either of the two strands from the 5 ' end. This would 

lead to two types of active RISC populations carrying either strand. The 5' 19 nt of each 
strand will act as guide sequence for degradation of separate target sequences. 

In another example, the size of multifunctional siNA molecules is reduced by either 
finding overlaps or truncating tiie individiial siNA length. The exemplary excercise 
' 1 0 described below indicates that for any given first target sequence, a shared complementary 
sequence in a second tar;^t sequence is likely to be found. 

The number of spontaneous matches of short polynucleotide sequences (e.g., less 
than 14 nucleotides) that are expected to occur between two longer sequences generated 
ind^endent of one another was investigated. A simulation using the uniform random 
IS generator SAS V8.1 utilized a 4,000 character string that was generated as a random 
repeating occurrence 6f the letters {ACGU}. This sequence was then broken into tfie 
nearly 4000 overlapping sets formed by taking S 1 as the characters jfrom positions (1 ,2. , ,n), 
S2 jfrom positions (2,3 . . ., n-f 1) completely through the sequence to the last set, S 4000-n+l 
from position (4000-n+l,...,4000). This process was then repeated for a second 4000 
20 character string. Occurrence of same sets (of size n) were ften checked for sequence 
identity between the two strings by a sorting and match-merging routine. This procedure 
was repeated for sets of 9-11 characters. Results were an average of 55 matching 
sequences of length n= 9 characters (range 39 to 72); 13 conimon sets (range 6 to 18) for 
size n==10, and 4 matches on average (range 0 to 6) for sets of 1 1 characters. The choice of 
. 25 4000 for the original string length is approximately the length of the coding region of both 
VEGFRl and VEGFR2. This simple simulation suggests that any two long coding regions 
formed independent of one-anotfaer will share common short sequences that can be used to 
shorten the length of multifunctional siNA constructs. In this example, common sequences 
of size 9 occurred by chance alone in > 1% frequency. 
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Below is an example of a multiiuiictional siNA consliuct that targets VEGFRl and 
VEGFR2 in which each strand has a total length of 24 nt with a 14 nt self conq>lementary 
region (underline). The antisense region of each siNA '1 ' targeting VEGFRl and siNA '2* 
targeting VEGFR2 (complementary regions are ^own in italic) are used 

5 siNAT 

5'CAAUUAGAGUGGCAGUGAG (SEQIDNO: 1126) 
3' GUUAAUCUCACCGUCACUC (SEQmNO: 1127) 

10 SiNA '2' 

AGAGUGGCAGUGAGCAAAG 5' (SEQ ID NO: 1128) 
UCUCACCGUCACUCGUUUC 3* (SEQIDNO: 1129) 

IS Multifunctional siNA 

CAAUUAGAGUGGCAGUGAGCAAAG (SEQIDNO: 1130) 
GUUAAUCUCACCGUCACUCGUUUC (SEQIDNO: 1131) 

20 &i another example, the length of a multifunctional siNA construct is reduced by 

determining whether fewer base pairs of sequence homology to each target sequence can be 
tolerated for effective RNAi activity. If so, the overall length of multifunctional siNA can 
be reduced as shown below. In &e following hypothetical example, 4 nucleotides (bold) are 
reduced from each 19 nucleotide siNA T and siNA '2' constructs. The resulting 

25 multifunctional siNA is 30 base pairs long. 

siNAT 



30 



35 



40 



5'CAAUUAGAGUGGCAGUGAG (SEQIDNO: 1126) 
3* GUUAAUCUCACCGUCACUC (SEQ ID NO: 1127) 

siNA '2' 

AGAGUGGCAGUGAGCAAAG 5' (SEQ ID NO: 1128) 
UCUCACCGUCACUCGUUUC 3' (SEQIDNO: 1129) 

Multifunctionat siNA 

CAAUUAGAGUGGCAGUGGCAGUGAGCAAAG (SEQ ID NO: 1 132) 
GUUAAUCUCACCGUC4CCG£/C4Ct/CGt/C/l/C (SEQIDNO: 1133) 



Multifimctional siNA constructs targeting HB V and PKC-alpJta RNA 
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In a non-limiting example, multifimctional siNA constructs targeting HBV and 
PKC-alpha KNA were evaluated for activity (see Figures 110 and 111). Multifimctional 
siNAs are referred to by compound numbers cross referenced in Table I. Total RNA was 
prepared from HepG2 cells 72 b after treatment with 25 nM normal (single target) and 

5 bifunctional siNAs. Quantitative RT-PCR was performed using Ifae Invitrogen Superscript 
m Platinum One-Step Quantitative RT-PCR System on an ABI PRISM 7700 Sequence 
Detector instrument PGR products were normalized against those for 36B4. PKC-alpha 
site 1 143 is targeted by the PKC-alpha-only and HBV-PKC-alpha combination siNAs* As 
shown if Figure 110, the multifunctional siNAs targeting HBV-PKC-alpha (34710/3471 1 

10 and 34712/34713) are effective in inhibiting HBV RNA eiq)ression at levels similar to 
individual siNA molecules targeting HBV sites 263 and 1583, as compared to appropriate 
controls (HBV inverted control siNA to site 263; irrelevant bifimctional VEGFRl/VEGF 
control; and a siNA construct targeting PKC-alpha site 1 143 only). As shown if Figure 
111, the multifunctional siNAs targeting HBV-PKC-alpha (34710/34711 and 

15 34712/34713) are effective in inhibiting PKC-alpha RNA expression at levels similar to an 
individual siNA molecule targeting PKC-alpha site 1143, as compared to appropriate 
controls (irrelevant bifunctional VEGFRl/VEGF control; and siNA constructs targeting 
HBV sites 263 and 1583, and untreated cells). 

Additional Multifuctional siNA Designs 

20 Three categories of additional multifunctional siNA designs are presented that allow 

a single siRNA molecule to silence multiple targets. The first method utilizes linkers to 
join siNAs (or multiunctional siNAs) in a direct manner. This can allow the most potent 
siNAs to be joined without creating a long, continuous stretch of RNA tiiat has potential to 
trigger an interferon response. The second method is a dendrimeric extension of the 

25 overlapping or the lixiked multifimctional design; or alternatively the organization of siNA 
in a supramolecular format The third method uses helix lengths greater than 30 base i>airs. 
Processing of these siNAs by Dicer will reveal new, active S' antisense ends. Therefore, 
tiie long siNAs can target the sites defined by the original S' ends and those defined by the 
new ends that are created by Dicer processing. When used in combination with traditional 

30 multifunctional siNAs (where the sense and antisense strands each define a target) the 
approach can be used for example to target 4 or more sites. 
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/. Tethered Bifimctional siNAs 

^ The basic idea is a novel approach to the design of multifunctional siNAs in which 

two antisense siNA strands are annealed to a single sense strand. The sense strand 
oligonucleotide contains a linker (e.g., non-nulcoetide linker as described herein) and two 
5 segments that anneal to the antisense siNA strands (see Figure 112). The linkers can also 
optionally comprise nucleotide-based linkers. Several potential advantages and variations 
to this approach include, but are not limited to: 

1 . The two antisense siNAs are independent Therefore, the choice of target sites is 
not constr£uned by a requirement for sequence conservation between two sites. Any 

10 two highly active siNAs can be combined to form a multifunctional siNA. 

2. When used in combination with target sites having homology, siNAs that target a 
sequence present in two genes (e.g., Flt-1 site 3646, which targets VEGF-Rl and R2), 
the design can be used to target more than two sites. A single multifunctional siNA 
can be for example, used to target VEGF Rl RNA and VEGF R2 RNA (using one 

15 antisense strand of the multifunctional siNA targeting of conserved sequence 

between to the two RNAs) and VEGF RNA (using the second antisense strand of the 
multifunctional siNA targeting VEGF RNA This approach allows targeting of the 
cytokins and its two main receptors using a single multifunctional siNA. 

3. Multifunctional siNAs that use bo&tiie sense and antisense strands to taiget a gene 
20 can also be incorporated into a tetihered multifuctional design. This leaves open the 

possibility of targeting 6 4 or more sites with a single complex. 

4. It can be possible to anneal more than two antisense tcandssiNAs to a single 
tethered sense strands. 

5. The design avoids long continuous stretches of dsRNA. Therefore, it is less likely 
25 to initiate an interferon response. 

6. The linker (or modifications attached to it, such as conjugates described herein) can 
improve the pharmacokinetic properties of tiie complex or improve its incorporation 
into liposomes. Modifications introduced to the linker should not impact siNA 
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activity to flie same extent that they would if directly attached to the siNA (see for 
example Figures 118 and 119). 

7. The sense strand can extend beyond.the annealed antisense strands to provide 
additional sites for the attachment of conjugates. 

5 8. The polarity of the complex can be switched such that both of the antisense 3 * ends 
are adjacent to the linker and the 5' ends are distal to the linker or combination 
thereof. 



Dendrimer and supramolecular siNAs 

10 In the dendrimer siNA approach, the synthesis of siNA is initiated by first 

synthesizing the dendrimer template followed by attaching various fimctional siNAs. 
Various constructs axe depicted in Figure 113. The number of functional siNAs that can be 
attached is only limited by the dimensions of the dendrimer used. 



1 S Supramolecular approach to multifunctional siNA 

The supramolecular format simplifies the challenges of deiidrimer syntibiesis. In this 
format, {fte siNA strands are synthesized by standard RNA chemistry, followed by 
annealing of various complementary strands. The individual strand synthesis contains an 
antisense sense sequence of one siNA at the S'-end followed by a nucleic acid or synthetic 
20 linker, such as hexaethyleneglyol, which in turn is followed by sense strand of another 
siNA in 5* to 3* direction. Thus, the synthesis of siNA strands can be carried out in a 
standard 3' to 5' direction. Representative examples of trifimctional and tetrafiinctional 
siNAs are depicted in Figure 114. Based on a similar principle, higher functionality siNA 
constucts can be designed as long as efficient annealing of various strands is achieved. 

25 Dicer enabled multifunctional siNA 

Using bioinformatic analysis of multiple targets, stretches of identical sequences 
shared between differeing target sequences can be identified ranging ficom about two to 
about fourteen nucleotides in length. These identical regions can be designed into extended 
siNA helixes (e.g., >30 base pairs) such that die processing by Dicer reveals a secondary 
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functional S'-antisense site (see for example Figure 115). For example, when Htxe first 17 
nucleotides of a siNA antisense strand (e.g., 21 nucleotide strands in a duplex with 3'-TT 
overhangs) are complementaiy to a target KNA, robust silencing was observed at 25 nM. 
/ 80% silencing was observed with only 16 nucleotide complementarity in the same fomiat 
S (see Figure 117). 

Incorporation of this property into the designs of siNAs of about 30 to 40 or more 
base pairs results in additional multifunctional siNA constructs. The example in Figure 
115 illustrates how a 30 base-pair duplex can target three distinct sequences after 
processing by Dicer-RNaselll; these sequences can be on the same mKNA or separate 

10 RNAs, such as viral and host factor messages, or multiple points along a given pathway 
(e.g., inflanmiatoiy cascades). Furthermore, a 40 base-pair duplex can combine a 
bifunctional design in tandem, to provide a single duplex targeting four target sequences. 
An even more extensive approach can include use of homologous sequences (e.g. 
VEGFR-1 A^GFR-2) to enable five or six targets silenced for one multifunctional duplex. 

1 5 . The example in Figure 115 demonstmtes how this can be achieved. A 30 base pair duplex 
is cleaved by Dicer into 22 and 8 base pair products from either end (8 b.p. firagments not 
shown). For ease of presentation the overhangs generated by dicer are not shown - but can 
be compensated for. Three targeting sequences are shown. The required sequence identity 
overlapped is indicated by grey boxes. The N's of the parent 30 b.p. siNA are suggested 

20 sites of 2'-OH positions to enable Dicer cleavage if this is tested in stabilized chemistries. 
Note that processing of a 30mer duplex by Dicer RNase HI does not give a precise 22+8 
cleavage, but rather produces a series of closely related products (with 22+8 being the 
primary site). Therefore, processing by Dicer will yield a series of active siNAs. Another 
non-limiting example is shown in Figure 116. A 40. base pair duplex is cleaved by Dicer 

25 into 20 base pair products fix>m either end. For ease of presentation the overhangs 
generated by dicer are not shown — but can be compensated for. Four targeting sequences 
are shown in four colors, blue, light-blue and red and orange. The required sequence 
identity overlapped is indicated by grey boxes. This design format can be extended to 
larger KNAs. If chemically stabilized siNAs are bound by Dicer, then strategically located 

30 ribonucleotide linkages can enable designer cleavage products that permit our more 
extensive repertoire of multiifunctional designs. For example cleavage products not 
limited to the Dicer standard of approximately 22-nucleotide5 can allow multifunctional 
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siNA constructs with a target sequence identity overlap ranging from, for example^ about 3 
to about IS nucleotides. 

Another important aspect of this approach is its ability to restrict escape mutants. 
Processing to reveal an internal target site can ensure that escape mutations complementary 
5 to the eight nucleotides at the antisense S' end will not reduce siNA effectiveness. If about 
17 nucleotidest of complementarity are required for RISC-mediated target cleavage, this 
will restrict, for example 8/17 or 47% of potential escape mutants. 

Example 27: siNA length and base pair walking experiments 

siNA length walk 

10 An experiment was designed to determine tiie effect of based paired sequence length 

of siNA constructs on RNAi efficacy. A well characterized site for siNA mediated 
inhibition, HBV RNA site 263 was chosen and siNA molecules ranging in length from 19 
to 39 ribonucleotide base pairs in length with 3*-terminal dinucleotide TT overhangs. 
Transfection of the human hepatocellular carcinoma cell line. Hep G2, with 

15 replication-competent HBV DNA results in the expression of HBV proteins and flie 
production of virions. To test the efficacy of difFerening length siNAs ^rgeted against 
HBV RNA, several siNA duplexes targeting site 263 within HBV pregenomic RNA were 
co-transfected with HBV genomic DNA once at 25 nM with lipid at 12.5 ug/ml into Hep 
G2 cells, and the subsequent levels of HBV RNA analyzed by RT PGR compared to cells 

20 treated with an inverted siNA control to site 263 and untreated cells. Results are 
summarized in Figure 120. As shown in the figure, the siNA constructs from 19 to 39 base 
• pairs were all efficacious in inhibiting HBV RNA in this system. 

siNA length walk 

An experiment was designed to determine the effect of varying the number of 
25 nucleotides complementary to a target RNA within a fixed length siNA on RNAi efficacy. 
siNA molecules ranging from 14 to 18 ribonucleotide base pairs vnih a fixed lengfli of 21 
nucleotides that included 3'-terminal dinucleotide TT overhangs were designed to target 
HBV site 263 RNA. Transfection of the human hepatocellular carcinoma cell line. Hep G2, 
with replication-competent HBV DNA results in the expression of HBV proteins and the 
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production of virions. To test the efficacy of difTeiening base pair composition siNAs 
targeted against HB V RNA, the siNA duplexes targeting site 263 within HB V pregenomic 
RNA were co-transfected with HBV genomic DNA once at 25 nM with lipid at 12.5 ug/wl 
into Hep G2 cells, and flie subsequent levels of HBV RNA analyzed by RT PGR as 
5 compared to cells treated widi an inverted siNA control to site 263 and untreated cells. 
Results are summarized in Figure 117. As shown in the figure, the siNA constmcts with 
16, 17, and 18 base pairs within a 21 nucleotide construct were all efficacious in inhibiting 
HBV RNA in this system, whereas the correspondmg 16, 17, and 18 base pair constructs 
with an overall length of 18, 19, and 20 nucleotides respectively were also efficacious, but 
10 to a lesser extent. As such, this data suggests that the overall length of a siNA can be more 
determinative in providing RNAi efficacy than the absolute number of base paired 
nucleotides. For example, a siNA having fewer dian 19 base pairs (e.g. 18, 17, or 16 base 
pairs) within a longer oligonucleotide (e.g. 20 or more nucleotides) can still be effective in 
mediating RNA interference. 

15 All patents and publications mentioned in the specification are indicative of the 

levels of skill of those skilled in the art to which the invention pertains. All references cited 
in this disclosure are incorporated by reference to the same extent as if each reference had 
been incorporated by reference in its entirety individually. 

One skilled in the art would readily appreciate that the present invention is well 
20 adapted to carry out the objects and obtain the ends and advantages mentioned, as well as 
those inherent thereirL The methods and compositions described herein as presently 
representative of preferred embodiments are exemplary and are not intended as limitations 
. on the scope of the invention. Changes therein and other uses will occur to those skilled in 
the art, which are enconipassed within the spirit of the invention, are defined by the scope 
25 of the claims. 

It will be readily apparent to one skilled in the art that varying substitutions and 
modifications can be made to the invention disclosed herein without departing firom the 
scope and spirit of the invention. Thus, such additional embodiments are within the scope 
of the present invention and the following claims. The present invention teaches one 
30 skilled in the art to test various combinations and/or substitutions of chemical 
modifications described herein toward generating nucleic acid constructs with improved 
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activity for mediating RNAi activity. Such improved activity can comprise improved 
stability, improved bioavaflabilily, and/or improved activation of ceUular responses 
mediating RNAi. nierefote. the specific embodiments described herein are not limiting 
and one skilled in the art can readily appreciate that specific combmations of the 
modifications described herein can be tested without undue experimentation toward 
identifying siNA molecules wifli inqnoved RNAi activity. 

The invention iUustralively described herein suitably can be practiced in the absence 
of any element or elements, limitation or limitations that are not specifically disclosed 
herein. Thus, for example, in each instance herem any of the terms "comprising", 
"consisting essentially of. and "consistmg of may be replaced with either of the other two 
terms. The terms and expressions which have been employed are used as terms of 
description and not of limitation, and there is no intention that in the use of such terms and 
expressions of excluding any equivalents of flie features shown and described or portions 
thereof, but it is recognized that various modifications are possible within the scope of the 
invention claimed. Thus, it should be understood that although the present invention has 
been spedficafly disclosed by preferred embodiments, optional features, modification and 
variation of the concepts herein disclosed may be resorted to by those skiUed in the art, and 
ttat such modifications and variations are considered to be wiflnn the scope of this 
invention as defined by the description and the appended claims. 

In addition, where features or aspects of the invention are described m terms of 

Markush groups or other groupmgofaltematives. those skilled in the art will recognize fliat 
the invention is also thereby described in lenns of any individual member or subgroup of 
members of the Maikush group or ottier groi^. 
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Table n 

A. 2.5 \unol Synthesis Cycle ABI 394 fastniment 



MBHB 03-46S-E; (40Q/160) 





Pni it\f alfinHk 




Wait TIma* DNA 


Wait Time* 2'-OHnetliyl 


WaitTlme*RNA 














Phosphoramldites' 


6.5 


163 pL 


45 sec 


2.5 min 


7.5 min 


S-Ethyl Tetrazole 


23.8 


238 ML 


45 sec 


'2.5min 


7.5 mIn 


Acetic Anhydride 


100 


233 pL 


5 sec 


5 sec 


5 sec 


N-Methyl 
Imidazole 


186 


233 ML 


5 sec . 


5 sec 


5 sec 


TCA 


176 


2.3 n)L 


21 sec 


21 sec 


21 sec 


Iodine 


11^ 


1.7 mL 


45 sec 


45 sec 


45 sec 


Beaucage 


12,9 


645 \iL 


ICQ sec 


300 sec 


300 sec 


Acetonitrile 


NA 


6.67 mL 


NA 


NA 


NA 



B, 0,2 ^inol Synthesis Cycle ABI 394 Instrument 



Reagent 


Equivalents 


Amount 


V\foit Time* DNA 


Walt Time* 2'-0<nethyl 


WattTime*RNA 














Phosphoiamidiles 


15 


31 |iL 


45 sec 


233 sec 


465 sec 


S-Ethyi Tetiazole 


38.7 


31 Mt 


45880 


233 min 


465 sec 


Acetic Anhydride 


655 


124 ML 




5 sec 


5 sec 


AH^tethytimkJazole 


1245 


124 ML 


5 sec 


5 sec 


5 sec 


TCA 


700 


732 mL 


10 sec 


10 sec 


10 sec 


Iodine 


20.6 


244 ml 


15 sec 


15 sec 


15 sec 


Beaucage 


7.7 


232 mL 


100 sec 


300 sec 


300 sec 


Acetonitriie 


NA 


2.64 mL 


NA 


NA 


1^ 



C. 0.2 |imol Synthesis Cycle 96 well Instrument 



Reagent 


Equlvalents:DNA/ 
2'-0-methyI/Ribo 


Amount: 

DNA/2'-0-methyl/Ribo 


Wait Time* DNA 


WaHTime* 
2'-0-methyl 


Wait Time* Ribo 














Phosphoramldites 


22/33/65 


40/60/120 pL 


60 sec 


180 sec 


360sec 


S-Ethyl Tetiazole 


70/105/210 


40/60/120 ML 


60 sec 


180 min 


360 sec 


Acetic Anhydride 


265/265/265 


50/50/50 ML 


10 sec 


10 sec 


10 sec 


N^Methyl Imidazole 


502/502/502 


50/50/50 ML 


10 sec 


10 sec 


lOsec 


TCA 


238/475/475 


250/500/500 ML 


15 sec 


15 sec 


15 sec 


Iodine 


6.8/6.8^6.8 


80/80/80 ML 


30 sec 


30 sec 


30 sec 


Beaucage 


34/51/51 


80/120/120 


100 sec 


200 sec- . 


200 sec 


Acetonttrile 


NA 


1150/1150/1150 ML 


NA 


NA 


NA 



• Wait time does not include contact time during delivery. 

• Tandem synthesis utilizes double coupling of linker molecule 
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Table HI 



(400/1^ 













iiSii 




1 


Tris-ClpH6.9 


NA 


5 


water 


. NA 


NA 


2 


R&D Systems 
V iiiji*-caTner 

firee 
75 uM 


3.53 [ig/^L 


5 


water 


NA 


NA 


3 


R&D Systems 

free 
75 nM 


3.53 Vig/iiL 


5 


Site 2340 

QtaKI 

oiaui 
siRNA 


10 


1.67 

II nr/itT 


4 


R&D Systems 
V iUji* -earner 
firee 
75 nM 


3.53 |ig/}iL 


5 


Site 2340 

oiaDX 

siKNA 


3 ^ig/eye 


0.5 fig/jiL 


5 


R&D Systems 
VJSCjr-camer 
firee 
75 nM 


3.53 jig/ftL 


5 


Site 2340 
otaDi 
siRNA 


1 

jig/eye 


0.167 


6 


R&D Systems 
V EXjr -carxier 
firee 
75fiM 


3.53 iig^iiL 


5 


Inactive 

Stabi 
siRNA 


10 
H'g'eye 


1.67 


7 


R&D Systrais 
VEGF-carrier 
firee 
75 ^iM 


3.53 tig/fiL 


5 


Inactive 
Site 2340 
Stabl 
siRNA 


3 ^ig/eye 


0.5 jlg/nL 


8 


R&D Systems 
VEGF-carrier 
firee 
75 uM 


3.53 )ie/\iL 


5 


biactive 
Site 2340 
Stabl 
siRNA 


1 

fig/eye 


0.167 
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Table IV 



Non-limiting examples of Stabilization Chemistries for chemically modified siNA 
constructs 



Chemistry 


pyrimidine 


Purine 


Cap 




Strand 


^StabOO'* 


Ribo 


Ribo 


TTat 
3*-ends 




S/AS 


"Stab l** 


Ribo 


Ribo 


- 


5 at 5*-end 
1 at3*-end 


S/AS 


"Stab!" 


Ribo 


Ribo 




All 

linkages 


Usually AS 


"Stabs'* 


2*-fluoio 


Ribo 




4 at 5'-end 
4 at 3*-end 


Usually S 


"Stab 4'* 


2'-fluon> 


Ribo 


5' and 
3*-ends 




Usually S 


"Stab 5" 


2'-fluoro 


Ribo 




1 at 3*-end 


Usually AS 


"Stab 6" 


2'-0-Mefliyl 


Ribo 


5' and 
3 '-ends 


- 


Usually S 


"Stab 7" 


2*-fluoro 


2'-deoxy 


5' and 
3'-ends 


— 


Usually S 


"Stab8» 


2'-fluoio 


2'-0-Met 
hyl 


- 


1 at3*-end 


Usually AS 


"StabS" 


Ribo 


Ribo 


5' and 
3'-ends 


_ 


Usually S 


"Stab 10" 


Ribo 


Ribo 




1 at 3 '-end 


Usually AS 


"Stab II" 


2'-fluoiD 


2'-deoxy 




1 at3*-end 


Usually AS 


"Stab 12" 


2'-flaoio 


LNA 


5' and 
3*-ends 




Usually S 


"Stab 13" 


2*-fIuoio 


LNA 




1 at3'-end 


Usually AS 


"Stab 14" 


2*-fluoio . 


2*-deoxy 




2 at 5*-end 
1 at 3*-end 


Usually AS 


"Stab 15" 


2*-<feo3(y 


2'-deoxy 




2 at 5*-end 
1 at3'-end 


Usually AS 


"Stab 16 


Ribo 


2'-0-Met 
hyl 


5' and 
3'-ends 




Usually S 


"Stab 17" 


2'-0-Methyl 


2'-0-Met 
hyl 


5'and 
3 '-ends 




Usually S 


"Stab 18" 


2'-fluoio 


2'-0-Met 
hyl 


5' and 
3 '-ends 


1 at3'-end 


Usually S . 


"Stab 19" 


2'-fluoro 


2'-0-Met 
hyl 


3*-end 




Usually AS 


"Stab 20" 


2*-fluoro 


2*-deoxy 


3 '-end 




Usually AS 


"Stab 21" . 


2*-fluoro 


Ribo 


3*-end 




Usually AS 


"Stab 22" 


Ribo 


Ribo 


3*^d- 




Usually AS 


"Stab 23" 


2'-fluon)* 


2'-deoxy* 


5' and 
3 '-ends 




Usually S 


"Stab 24" 


2'-fluoro* 


2'-0-Met 
hyl* 




1 at3'-end 


Usually AS 


"Stab 25" 


2'-fluoro* 


2'-0-Met 
hyl* 




1 at3'-end 


Usually AS 
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CAP — any teiminal cap» see for example Figure 10. 
All Stab 1-2S chemistries can comprise 3'-temiinal thymidine (TT) residues 
All Stab 1-25 chemistries typically comprise about 21 nucleotides^ but can vary as 
S described herein. 
S = sense strand 
AS = antisense strand 

♦Stab 23 has single ribonucleotide adjacent to 3*-CAP 
♦Stab 24 has single ribonucleotide at S'-terminus 
10 ♦Stab 25 has three ribonucleotides at S-terminus 
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Table V: Peptides for Conjugation 



(400/M) 



Peptide 


Sequence 


SEQIDNO 


ANTENNAPEDIA 


RQI KIW FQN RRM KWK K amide 


1114 


Kaposi fibroblast 
growth factor 


AAV ALL PAV LLA LLA P + VQR KRQ 
KLMP 


1115 


caiman crocodyius 
Ig(5)li^t chain 


MGLGLHLLVLAAALQ OA 


1116 


HIVenvelope 
glycoprotein gp41 


GAL FLG FLG AAG STM GA + PKS 
KRK 5 (NLS of the SV40) 


1117 


HIV-1 Tat 


RKKRRQRRR 


1118 


Influenza 

hemagglutinin envelop 
glycoprotein 


GLFEAL^GFIENGWEGMIDGGGYC 


1119 


RGDp^de 


X-RGD-X 

' where X is any amino acid or peptide 


1120 


transportan A 


GWT LNS AGY LLG KIN LKA LAA 
LAKKIL 


1121 


Somatostatin 
(tyr-3-octreotate) 


(s)h:y»xtct 


1122 


Pre-S-peptide 


(S)DHQLNPAF 


1123 



(S) optional Serine for coupling 
Italic — optional D isomer for stability 
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I 
I 

s 

I 
1 

s 



7/8* 
30612/30620 


94 

(0.86) 


816 
(0.99) 


35.7 
(0.69) 


120 
(0.89) 


o 
<s 

vo 
o 
«n 


130 
(0.88) 


(0.39) 


16.6 
(0.46) 


0.22 


7/11* 
30612/31175 


54 

(0.76) 


0.78/2.9* 
(0.45) 


<S 


0.20 


4/5* 
30355/30366 


39 

(0.65) 


43.5 
(0.66) 


10 

(0.81) 


0.80 


4*/5 
30355/30366 


OO ON 


28.6 
(0.40) 


16.7 
(0.9) 


1.08 


AURNA 
47715/47933 


0,017 




1.17 




StabiUty 

S/AS 

Sirna# 


S s ^ 

es a 0 

s ? s 


^ 2 

s ^ s 

§ i: ^ 


Mouse 
Serum 
t hours 


Mouse 
Liver 
t y, Iiours 



m 
CO. 



-PCT/0S0I4-/J.S3'90 

Table VII: Single strand half-lives in human serum 



StabiUty 
Sinia# 


4 

30355 


5 

30366 


7 

30612 


11 
31175 


8 

30620 


Human serum 
tin hours 


22 


16 


13 


19 


28 


Human Uver 
tin hours 


0.92 


0.40 


0.43 


0.27 


192 



5 
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Table Vm. Human serum half-lives for Stab 4/5 duplex chemistry 
with terminus chemistries of figure 22 



Cap 
Chemistry 


2 

(R=0) 
(B=T) 


7 

(R=0) 


9 

(R=0) 


2 

(R=S) 
(B=T) 


8 

(R=0) 


1 

(R=0) 


3 

(R=0) 
(B=T) 


6 

(R=0) 


Human 

Serum tm 
hours 


1 


1.2 


2J 


39 


96 

(0.69)* 


460 
(0.95) 


770 
(0.94) 


770 
(0.95) 



5 



The capping structuies were in tfie following position of the 4:5 chemistry fomiatfeed 
sequence: 

antisense strand - 5'-uuGuuGuAuuuuGuGGuuGr- CAP - 3* where CAP is 1, 2, 3, 6, 7, 8, 
or 9 from Figure 22. (SEQ ID NO: 670) 
10 sense strand 5'-CAP- cAAccAcAAAAuAcAAcAATT- CAP - 3* where CAP is 1 from 
Figure 22. (SEQ ID NO: 671) 



* For half-lives that extend beyond the time course sampled the fraction fiiU-length is 
presented in parentheses. 
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What we claim is: 



A multifunctional siNA molecule comprising a structure having Fomiula MF-ni: 



(a) each X, X\ Y, and Y* is independently an oligonucleotide of lengtfi 
between about 15 nucleotides and about 50 nucleotides; 

(b) X comprises nucleotide sequence that is complementaiy to nucleotide 
sequence present in region Y'; 

(c) X' comprises nucleotide sequence that is complementary to nucleotide 
sequence present in region Y; 



(e) W represents a nucleotide or non-nucleotide Mnkejr that connects 
sequoices Y' and Y; and 

if) said multifunctional siNA directs cleavage of flie first and second target 
sequence via RNA int^eience. 

The multifimctional siNA molecule of claims 1, wherein W connects die 3'-end of 
sequence Y* with the 3'-end of sequence Y. 

The multifunctional siNA molecule of claims 1, wherein W connects the 3'^d of 
sequence Y' wifli the 5'-end of sequence Y. 

The multifunctional aNA molecule of claims 1, wherein W connects the 5'-end of 
sequence Y' wiflj fhc 5'-end of sequence Y. 



X X' 
Y'-W-Y 



wherein 




X and X' is independently of length sufficient to stably interact 
a second target nucleic acid sequence, respectively, or a portion 



dieieo^ 
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5. The multifunctional siNA molecule of claims 1. wherein W comiects Oe 5»-end of 
sequence Y' with the 3'-end of sequence Y. 



6. 



The multifunctional siNA molecule of claim I , wherein a temunal phoqjhate group 
IS present at the 5'-end of any of sequence X, X', Y, or Y'. 

The multifunctional siNA molecule of claim 1. wherein W comiects sequences Y 
and Y' via a biodegradable linker. 

1*0 multifunctional siNA molecule of claim 1, wherein W ferther compdses a 
conjugate, label, aptamer, ligand, lipid, or polymer. 

The multifunctional siNA molecule of clahn 1, wherem any of sequence X, X'. Y. 
or Y' comprises a 3'-terminal cap moiely. 

The multifunctional siNA molecule of claim 9, wherein said terminal cap moiety is 

an inverted deoxyabasic moiety. 

The muWfunctional siNA molecule of clahn 10. wherein said terminal cap moiety 
IS an mverted deojiynucleotide moiefy. 

12. TT,e multifunctional siNA molecule of claim 10. wherem said terminal cap moiety 
is a dinucleotide moiety. 



7. 



8. 



9. 



10. 



11. 



13. 



15. 



16. 



17. 



lire multifunctional siNA molecule of claim 12. whereh, said dmucleotide is 
dithymidine (TT). 



14. The multifunctional siNA molecule of claim 1, wherein said siNA molecule 
comprises no ribonucleotides. 



The multifunctional siNA molecule of clahn 1. wherein said siNA molecule 
comprises ribonucleotides. 



The multifunctional siNA molecule of clahn 1. wherem any purine nucleotide 
said SiNA is a 2'-0-methyl pyrimidine nucleotide. 

me multifunctional siNA molecule of claim 1. wherem any purine nucleotide i 
said siNA is a 2'-deoxy purine nucleotide. 



m 



m 
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1 8. The multifunctional siNA molecule of claim 1 , wheiein any pyrimidine nucleotide 
in said siNA is a 2*-deoxy-2'-fluoio pyrimidine nucleotide. 

19. The multifunctional siNA molecule of claim 1, wheiein each X, X', Y, and Y' 
independently comprises between about 1 9 and about 23 nucleotides. 

20. A pharmaceutical composition comprising the multifunctional siNA molecule of 
claim 1 in an acceptable carrier or diluent 
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ABSTRACT OF THE DISCLOSURE 

The present invention concerns methods and reagents useful in modulating gene 
expression in a variety of applications, including use in therapeutic, cosmetic, 
cosmeceutical, prophylactic, diagnostic, target validation, and genomic discovery 
applications. Specifically, the invention relates to synthetic chemically modified small 
nucleic acid molecules, such as short interfering nucleic acid (siNA), short interfering RNA 
(siKNA), double-stranded RNA (dsRNA), micro-RNA (miRNA), and short hairpin RNA 
(shRNA) molecules capable of mediating RNA interference (RNAi) against target nucleic 
acid sequences. The small nucleic acid molecules are use&l in the treatment of any disease 
(e.g., cancer, proliferative, inflammatory, metabolic, autoimmune, nuerologic, ocular 
diseases), condition, trait (e.g., hair growth and removal), genotype or phenotype that 
responds to modulation of gene expression or activity in a cell, tissue, or organism. Such 
small nucleic acid molecules can be administered systemically, locally, or topically. 
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Figure 1 




(1) FIRST STRAND (2) SECOND STRAND 
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siKNA DUPLEX 




= SOLID SUPPORT 



R = TERMINAL PROTECTING GROUP 

FOR EXAMPLE: 
DIMETHOXYTRTTYL (DMT) 



(2) 



CLEAVABLE LINKER 
(FOR EXAMPLE: NUCLEOTIDE SUCCINATE OR 
INVERTED DEOXYABASIC SUCCINATE) 

= CLEAVABLE LINKER 
(FOR EXAMPLE: NUCLEOTIDE SUCCINATE OR 
INVERTEP DEOXYABASIC SUCCINATE) 




INVERTED DEOXYABASIC SUCCINATE GLYCERYL SUCCINATE LINKAGE 

LINKAGE 
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C < 



5'- 



SENSE STRAND (SEQ ID NO 1 134) 
ALL PYRIMIDINES = 2'-0-ME OR 2'-FLU0RO EXCEPT POSITIONS (N N) 

NsNsNsNsN NNNNNNNNNN NNsNsNs(NsN) 
MNsN) NN N N N N N N N N N N N N NsNsNsNsN 

ANTISENSE STRAND (SEQ ID NO 1 135) 
ALL PYRIMIDINES = 2'-FLUORO EXCEPT POSITIONS (N N) 

SENSE STRAND (SEQ ID NO 1 136) 
ALL PYRIMIDINES - 2'-0-ME OR 2'-FLUORO EXCEPT POSITIONS (N N) 

NNNNNNNNNNNNNNNNNNN(NsN) 
MNN) NN N N N N N N N N N N N N NNNNN 

ANTISENSE STRAND (SEQ ID NO 1 137) 
ALL PYRIMIDINES = 2'-FLUORO EXCEPT POSITIONS (N N) 



SENSE STRAND (SEQ ID NO 1 138) 
ALL PYRIMIDINES = 2'-0-ME OR 2'-FLUORO EXCEPT POSITIONS (N N) 

B-NNNNNNNNNNNNNNNNNN.N(NN)-B 
L-(NsN)NNNNNNNNNNNNNNNNNNN 

ANTISENSE STRAND (SEQ ID NO 1 139) 
ALL PYRIMIDINES = 2'-FLUORO EXCEPT POSITIONS (N N) 



-3' 
-5' 



-3* 
-5' 



-3' 
-5' 



D 



E 



SENSE SIKAND (SEQ ID NO 1 140) 
ALL PYRIMIDINES = 2'-FLUORO EXCEPT POSITIONS (N N) AND ALL PURINES = 2'-DBOXY 

5'- B-NNNNNNNNNNNNNNNNNNN(NN)-B -3* 

3'-. .i>-(N^N.NNNNNNNNNNNNN.NNNNN .'..v : /S*- 

ANTISENSE STRAND (SEQ ID NO 1 141) 
= 2'-FLUORO AND ALL PURINES = 2'-0-ME EXCEPT POSITIONS (N N) 



ALL PYRIMIDINES - 



SENSE STRAND (SEQ ID NO 1 142) 
ALL PYRIMIDINES = 2'-FLUORO EXCEPT POSITIONS (N N) 

5'- B-NNNNNNNNNNNNNNNNNNN(NN)-B -3' 

3'- L-(NsN)NNNNNNNNNNNNNNN NNNN -5' 

ANTISENSE STRAND (SEQ ID NO 1 141) 
ALL PYRIMIDINES = 2'-FLUORO AND ALL PURINES =• 2'-0-ME EXCEPT POSITIONS (N N) 



SENSE STRAND (SEQ ID NO 1 140) 
ALL PYRIMIDINES = r-FLUORO EXCEPT POSITIONS (N N) AND ALL PURINES = 2'-DEOXY 



< 



y- 



B-NNNNNNNNNNNNNNNNNNN(NN)-B -3' 
L-.(NsN)NNNNNNNNNNNNNNNNNNN -5' 



ANTISENSE STRAND (SEQ ID NO 1 143) 
ALL PYRIMIDINES = 2'-FLUORC) EXCEPT POSITIONS (N N) AND ALL PURINES = 2*-DEOXY, 

POSITIONS (NN) CAN COMPRISE ANY NUCLEOTIDE, SUCH AS DEOXYNUCLEOTIDES 
(eg. THYMIDINE) OR UNIVERSAL BASES 

B==ABASIC, INVERTED ABASIC, INVERTED NUCLEOTIDE OR OTHER TERMINAL CAP 

THAT IS OPTIONALLY PRESENT - 
L = GLYCERYL or B THAT IS OPTIONALLY PRESENT 

S = PHOSPHOROTHIOATE OR PHOSPHORODITHIOATE that is optionally absent 
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SENSE STRAND (SEQ ID NO 1 144) 

5'- csCsCgCsG GGAGGucucGu AsGsAsTsZ" 

3- L-rsrGGGGcccuccAGAGcsAsMsCs" 

ANTISENSE STRAND (SEQ ID NO 1 145) 

' SENSE STRAND (SEQ ID NO 1 146) 

5- ccccGGGAGGucucGu AGATsiT 

-< 3- L-rrGGGGcccM cc AGAGcAwctt 

. ANTISENSE STOAND (SEQ ID NO 1147) 



SENSE STRAND (SEQ ID NO 1 148) 

5'- iB-ccccGGGAGGucucGuAGArr-iB 
3'- L-TsrGGGGcccucc AGAGcA«ctt 

ANTISENSE STRAND (SEQ ID NO 1 149) 



D A 



E A 



SENSE STRAND (SEQ ID NO 1 150) 

5- iB-ccccGGGAGGucucGuAGATT-iB • 

3'- ■ l^-TgrggggcccM ccagagcaucM 

ANTISENSE STRAND (SEQ ID NO 1 151) 

' SENSE STRAND (SEQ ID NO 1 152) 

5'- iB-ccccGGG AGGM c«cGMAGA^7'-iB- 

3'- L-rsrggggccc«ccagagca«c« 

ANTISENSE STRAND (SEQ ID NO 1 151) 



SENSE STRAND (SEQ iO Nu 1 150) 

5- iB-ccccGGGAGGucucGuAGATT-iB 
3- L-TsTGGGGcccuccAGAGcAucu 

ANTISENSE STRAND (SEQ ID NO 1 153) 



-3' 



-3* 
-5* 



-3' 
-5' > 



-3' 
-5* 



-3' 
-5' 



-3' 
-5* 



lower case 2'-0-Methyl or 2*-deoxy-2'-fluoro 
italic lower case = I'-deoxy-I'-fluoro 
underline = 2 -O-methyl 



ITAUC UPPER CASE - DEOXY 
\B = INVERTED DEOXYABASIC 

L = GLYCERYL MOIETY or iB OPTIONALLY PRESENT 
S = PHOSPHOROTHIOATE OR 

PHOSPHORODITHIOATE OPTIONALLY PRESENT 
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Figure 61: siNA Lipid Conjugates 

5'-Lipid-W-CL SENSE / \ 

^ . . Ill I Mil nil 1 1 III ilV ; 



IIIIIIIIIIIIIIIIIIP 'n 
n ANnSENSE 

SENSE 



n ANTISENSE 
SENSE 



^'Ki ANTISENSE 



SENSE / \ 
llllllllllllllllir 



3'-Lipid-W-CL- ( 



ANTISENSE 



^ ANTISENSE 

^ ANTISENSE 

CLycleavable linker (e.g, A-dT, C-dT) that is optionally present 
Lipid=Straight chain or branched alkyl or fatty acid, e*g. C^^^^ 
W= linker molecule (see for example Formulae 48, 49, 64, or 65) 
n = integer, e-g. 1, 2, or 3 
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Figure 63: siNA Galactosamine Conjugates 

5'-GAL-W-CL SENSE / \ 

/ Nllllllllimillllir 
^'^ri ANTISENSE 

5' SMSE L \ CL-W-GAL 



3' 



n ANTISENSE 
SENSE 

llllllllllllllllll l^ V 

n ANTISENSE 



5'-GAL-W-CL _ H,.,,imMmn.l( ) CL-W-GAL 



SENSE 



. 3--GAL-W-CL- (Aillllllllllllllllll^l 



ANTISENSE 



5' SENSE (_ \ CL-WGAL 

3'-GAL-w-cL- (^Mmmmmnf^ 



3'-GAL-W-CL- ( ^ 



n ANTISENSE 

SENSE ^^^^ ^ 

n 



5'-GAL-W-CL SENSE 1 \ cL-W-GAL 

Mlllllllltllllll ^ ^ 



n ANTISENSE 



CLr^Hrleavable linker (e.g. A-dT, C-dT) that is optionally present 

GAD=GAL.ACTOSAMIN£; e.g. compounds having Formulae 51-56, 86, 92, 99, 100, 103, 105, 106 
W= linker molecule (see for example Formulae 102 or 103) 
n = integer, e.g. 1, 2, or 3 
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Figure 65: Generalized siNA Conjugate Design 



3- (I 



n ANTISENSE 



5' SENSE 1 \ CL-W-CONJ 

^' ^"T^i ANTISENSE 

5'-CONJ-W-CL SENSE 1 \ cL-W-CONJ 

V^lllllllllllllllllir 
3'(t 



n ANTISENSE 



SENSE 



3.^0N.-W-CL,(V""""""""" " 



n ANTISENSE 

SENSE 



3.-CONJ-W-CL-(V""""""""" ^ 



(- ) CL-W-CONJ 



'n ANTISENSE 



5'-CONJ-W-CL SENSE ( \ Qi^_y^.com 

3.-CON.-W.CX.(4iMillll'l"l"l^ " 

^ ANTISENSE 



CON J=any biologically active molecule or conjugate as described herein 

CL=cIeavable linker (e.g. A-dT, C-dT) that is optionally present 

W— linker molecule 

n = integer, e.g» 1, 2, or 3 
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Rgun 80: Serum HBVDNA in Mice Treated 
vMislNAVIaHDI 
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Figure 81: Serum HBsAg In Mice Treated 
with sINA Via HDI 
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Hgure 82; Uver HBVRNA In Mice Treated 
with slNA Via HDI 
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figure 84: LMCif&rase Dose Response 
ofs^eet active sINA constructs 
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Figure 85: LuelferasB Dose Respoi^e 
of select active siNA constructs 
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Rgure 88: HBV/slNA to site f 580 Combination Constmeis 
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Rgure 90: HBV/slNA to site 1580 Combination Constniets 
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Figure 104: Examples of introducing artificial palindrome sequences In DFO 
construct with a target nucleic acid not having a pallndrpme/repeat 
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Figure 106: Self-complimentary DFO targeting HBVRNA 
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Figure 109: DFO mediated inttibition of TGF-beto receptor RNA expression 
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Figure 110: Multifunctional sINA mediated Inhibition of 
HBVRNA expression 
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Figure 111: Multifunctional siN A mediated inhibition 
of PKO-alpha RNA expression 
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Hgure 113: Dendrtmer MulUfuncilonal sINA designs 
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Figure 115: Dicer enabled multifunctional sINA design 
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Figure 116: Dicer enabled multininctlonal sINA design 
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Figure 117: stNA base pair wailt 
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Figure 118: Additional Multlfuncdonal sINA designs 
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Figure 119: Additional MulUhmcdonal sINA designs 
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Figure 120: sINA length walk 
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